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FINANCIAL SUPPORT FOR INSTRUCTION AND RESEARCH 


W. Paul Briggs 
Executive Director, American Foundation for Pharmaceutical Education 
1450 Broadway, New York 18, N, Y. 


Last week, on July 4th, we celebrated the one hundred and seventy- 
fifth year of our independence as a nation. We gained our national 
independence after a violent struggle and we have preserved it over the 
years by the righteousness of our cause and our willingness to fight, 
if necessary, to retain it. Even the currently popular "one world" 
ideology probably will not disturb the security of our independence at 
the national level. 


While the independence of the nation was being strengthened the 
independence of the individual and the independence of scholars has been 
threatened, Your freedom in the classroom and in the research laboratory 
is not as secure as our collective freedom as a nation. Obvious economic 
forces and subtle pressures from various sources could place your teaching 
and your studies under intolerable restrictions, Much of America's 
greatness is due to free education and freedom in education, Our techno- 
logical, medical and industrial achievements could not have been attained 
under a system of regimented research, Education cannot be accomplished 
by adherance to discredited dogmas and rigid rules, 


The American Foundation for Pharmaceutical Education is dedicated 
to "the upholding, improving, broadening and promoting of pharmaceutical 
education; and to aiding in the creation of sources of unbiased and author- 
itative investigation and experimentation on pharmaceutical problems." 
The Foundation undertakes to carry out these and other objectives, in 
part, to insure your continued freedom as scholars and teachers. The 
future of pharmacy and pharmaceutical education, indeed the future of 
America, rests, in substantial degree, upon the independence of our 
educational systems, And the future of the Foundation rests upon the 
degree of financial support which an enlightened and generous industry | 
can provide, 


Benjamin Rush warned that "to be long-lived, republics mst invest in 
education,"" America has long placed its faith in education and annually 
invests five billion dollars for this purpose, Individuals and the fed- 
eral, local and state governments do not make this investment on faith 
alone but, in large measure, because of the convincing evidence that 
education is a sound and profitable investment, The drug industry should 
not be asked to support pharmaceutical education on faith alone. Happily 
this is not necessary. There is abundant tangible evidence to prove that 
funds well invested in pharmaceutical education produce profits to donors. 
Many of you have directly or indirectly provided some of this evidence 
through your own research, through well-trained graduate students and 
better-trained practicing pharmacists, 


In my view, the Foundation is so vital to all phases of pharmacy 
that it will flourish, and in turn it will insure continued improvement, 
expansion and independence to instruction and research in pharmacy. 
Certainly this is our goal and I confidently believe it. will be achieved, 
Largely through the devoted work of the late Dr. E. L. Newcomb, with the 
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financial support of the drug industry, the Foundation has already <ione 
much to advance pharmacy, 


While educational values cannot be measured in dollars, I think 
you will be interested to know that the Foundation has already contributed 
well over a million dollars to the cause of pharmaceutical education. 
The Foundation carried the entire cost of the Pharmaceutical Survey, 
amounting to nearly $200,000. This study was requested by the A.A.C.P. 
and its influence for good is already apparent. Much of the work of the 
Survey was concerned with educational matters and we hope that, as teachers 
and administrators, you will make maximum use of the Survey findings. 
The Foundation, through the Survey, financed the extensive study of the 
pharmaceutical curriculum by Dr. Lloyd E. Blauch, Assistant Director in 
charge of Curriculum Studies and the A.A.C.P. Committee on Curriculum 
headed by Dr. George L. Webster, This report, which will be available 
in the near future, should exert a profound influence on the future ; 
pattern of pharmaceutical education. 


The Council on Pharmaceutical Education is one of the most critically 
important instruments for the advancement of pharmaceutical education. 
In recognition of the essentiality of its work, the Foundation has pro- 
vided the necessary financial support to expand the constructive activi- 
ties of the Council, The Council on Pharmaceutical Education was estab- 
lished in 1932 while the Council on Medical Education was created 28 years 
earlier in 1904, 


The Carnegie Foundation for the Advancement of Teaching published its 
report on medical education, the Flexmer Report, in 1910, The Report of 
the Pharmaceutical Survey was published in 1949. When the Flemer Report 
was published the number of medical schools had dropped from 446 to 162 
and these were said to range in quality from good to disgraceful, Today 
there are 72 accredited medical schools and almost an identical number of 
accredited pharmacy schools, From this it will be seen that constructive 
actions to improve pharmacy education have followed similar actions in 
medicine by from 28 to 39 years. 


The impact of the Pharmaceutical Survey and the new accreditation 
standard of the Council on Pharmaceutical Education will further 
strengthen pharmacy education just as the Flemer Report literally re- 
deemed medical education, Whether we can, should or will continue 70 
colleges of pharmacy cannot yet be determined, But it is already apparent 
that, in faculty, physical facilities, curriculum, libraries, student 
selection, graduate training, indeed in every aspect, pharmacy education 
today is vastly and encouragingly superior to that of even five years ago. 


One may rightly expect the next five years to produce major advances, 
as the programs of the Foundation-supported Council and the curriculum 
study are accomplished, Application of the new and higher accreditation 
standards and establishment of a more effective training program may 
result in a redemption of pharmacy education parallel to that which was 
achieved for medicine by the Flemer Report, 


Dean Jenkins, in announcing this seminar, wisely embraced the oppor- 
tunity to inform drug industry leaders about the project. He established 
the place of the Foundation as sponsor and invited attendance and partici- 
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pation from pharmacologists in industry and government, I hold some 
reservations on the possibilities of a utopian world fellowship alliance 
but none about the dynamic effectiveness of an all-inclusive drug industry 
alliance. Dean Jenkins made a real contribution in this direction and 
advanced the cause and the security of the American Foundation for Pharma= 
ceutical Education, 


This is a splendid example of the kind of team play so necessary 
to keep funds flowing into the Foundation, which in turn, are used to 
strengthen your academic programs, Heavy demands for support from worthy 
agencies are almost daily directed to the drug industry. The American 
Foundation for Pharmaceutical Education needs your help to keep its needs 
before current and potential patrons, But far more convincing to business 
men is evidence of benefits and accomplishments of the Foundation, 


Each of you can contribute to the success of the Foundation, your 
institutions and your own academic freedom by embracing every proper 
opportunity to focus public and industry attention on the productiveness 
of the Foundation's programs, For example, it would be mutually he)pful 
to widely distribute to industry abstracts or full reprints of worthwhile 
research done by Foundation Fellows; to identify in your press releases 
as former Foundation Scholars or Fellows your graduates who may be 
elected or appointed to state association or other offices and positions; 
to tell your friends in industry of the value of Foundation support to 
activities in which you have a special interest such as the Journal of 
Pharmaceutical Education, the Pharmaceutical Survey, and this seminar, 


I am not asking you to do my job, which in large measure is concerned 
with maintaining the interest and support of industry, The Foundation 
will do this as effectively as possible but with scores of "causes" 
fighting for industry's support we need the united strength of the 
"Minute Men" of pharmaceutical education, You need not fire a shot that 
will be heard 'round the world and turn the "Red Coats" back, but you can 
carry the banner of the Foundation and thus help keep the red ink out of 
our books, Actually, you and your academic colleagues are the field sales 
force of the Foundation, The colleges of pharmacy are the manufacturing 
plants of the Foundation, You produce the end products of the Founda-= 
tion -- better pharmacists, better teachers and better laboratory workers, 
To keep our "educational industry" moving forward we need the benefit of 
your sales promotion effort. 


After three hectic months I am more than ever convinced that the 
American Foundation for Pharmaceutical Education will become increasingly 
important to all pharmacy. I am optimistically confident that it will 
attain a financial strength to enable it to protect the independence 
of instruction and research in pharmacy in the uncertain years ahead, 
The Foundation is maintaining every program it has started, and is doing 
so at the same or at a higher level than in the past, But there is yet 
much to be done to carry pharmaceutical education and research to its 
proper position, On behalf of the Board I can assure you that the 
Foundation is solidly behind every justifiable, worthwhile movement to 
strengthen and advance pharmacy in general, and pharmaceutical education 
in particular, 


The Board of Directors on May 17, 1951 approved a budget for the 
coming year of nearly a quarter of a million dollars, This will provide 
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undergraduate scholarships in every accredited college of pharmacy; 
sustain approximately 100 graduate Fellows in 21 colleges; contribute 
substantial support to the American Council on Pharmaceutical Education; 
underwrite the operating deficit of the American Journal of Pharmaceutical 
Education; allow for continuance of the summer teachers seminars and the 
other activities of the Foundation. 


Even in these days of astronomical budgets a quarter of a million 
dollars is a sizeable sum. But it is by no means too much, or even 
enough, to carry out the objectives of the Foundation, or indeed to meet 
the minimum needs for professional education in pharmacy. We hope to 
materially increase our annual income from contributions and to then 
increase in scope and in quantity the Foundation's support to education. 


Having been a college of pharmacy Dean I am painfully aware of the 
hazard of asking teachers if they need money to carry out new plans, 
Your very presence at this seminar proves your alertness and I am sure each 
of you have valuable ideas for improving your teaching and research, I 
know that few, if any, such plans can be carried out without money. Since 
a part of my job is the raising of money, I am cautious about inviting 
new suggestions for spending. However, the Foundation wants to do every- 
thing in its power to strengthen your work and you are the ones who know 
what should be done, . 


Without the slightest suggestion of a commitment, I invite you to 
tell us how the Foundation can better attain its objectives in the 
future. We will welcome your suggestions and we will be especially 
pleased to have detailed plans through which the Foundation can partici- 
pate in really significant improvements in pharmaceutical education. To 
paraphrase Benjamin Rush, "To achieve its rightful place and be long-lived, 
pharmacy must invest in education", The American Foundation for Pharma- 
ceutical Education was created by the National Drug Trade Conference rep= 
resenting every segment of the drug industry. I am sure that the entire 
industry subscribes to the doctrine that the future position of pharmacy 
will be determined by the strength of its educational system. I am equally 
sure that the industry will support, to the full extent of its capevity, 
worthwhile movements to maintain pharmacy's rightful place and long life. 


I am glad of the opportunity to be with you on this occasion, Your 
program gives every evidence that your sessions will be productive, 
Pharmacy can well be proud of your past accomplishments and can look for-. 
ward with confidence to even greater achievements in the years ahead, 

And the American Foundation for Pharmaceutical Education will be working 
with you to attain our common objective of a preeminent position for 
pharmaceutical education, 
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QUALIFICATIONS OF THE INSTRUCTOR OF PHARMACOLOGY 


Harald G. 0, Holck 
University of Nebraska, College of Pharmacy 


troduc 


The importance of the influence of the teacher upon the student 
was emphasized by the zoologist, David Starr Jordon, when he said: 
"Have your university in sheds, have it in tents, but have the masters 
there." (1) It thus seems of the greatest importance to secure the best 
teachers available for the teaching of pharmacology, However, it mst 
. also be emphasized that no one can continue as a ‘master’ unless inter~ 
ested in retaining this status and unless given reasonably good facilities 
by which he can constantly continue his development. 


Inasmuch as time will allow discussion of only selected phases of 
the subject, we have presented in an appendix three lists of qualifi- 
cations of a good teacher: one presented by Professor M. 0. Pella last 
year at Atlantic City (2); one by Dr. D, A. Worcester, Professor of 
Educational Psychology and Measurements; and one by Dr. E. Roger Wash- 
burn, Professor of Chemistry. The latter two lists were recently dis- 
cussed at a symposium sponsored by the University of Nebraska chapter 
of the American Association of University Professors, 


Training and Experience of the Instructor 


All lists of qualifications of a good instructor agree that he 
must know his field of teaching, To meet this qualification it seems 
essential that he must hold a doctor of philosophy degree based on work 
in pharmacology and related sciences, To keep abreast of what is going 
on in pharmacology is in itself a Herculean task, The fast and furious 
pace in this field is shown by the fact that the second edition of a well 
known textbook, which first appeared just two years ago, is 123 pages 
larger than the first edition, an increase of nearly thirteen per cent. 
Not only must the instructor in our subject attempt to keep up with 
pharmacological progress, but he must also try to keep well informed in 
associated sciences, notably in physiology. In view of this, it was 
most astounding to note that, according to the report of Dille in 1938 (3), 
in 17 out of 25 schools of pharmacy in which pharmacology was being 
offered at that time, the instructor was asked to teach from two to five 
additional subjects, and in four cases even more, Although this situation 
has improved considerably since then, the Utopia of a full-time pharma- 
cologist in every college of pharmacy has not yet been attained, However, 
the progress made in this direction and the plans for the next few years 
indicate that deans and directors have become more and more aware of the 
need for protecting the instructor's time so that he may do more pro= 
ductive work; this is all the more important if he also is responsible 
for graduate teaching. 


Importance of History in Pharmacology. The general means by which 
the instructor may keep up with recent advances by reading of texts, 
reviews, journals, etc., were in a large part presented yesterday in our 
discussion of the didactic work in pharmacology and need not be repeated 
here, However, we wish to dwell a little more upon the importance of the 
instructor's having knowledge of the historical development of pharma~ 
cology, as yet a young science, as a requisite part of his being well 
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versed in this field, As more discoveries are made, an increasing amount 
of time will be required for acquiring this historical background, This 
is especially true because the real scholar must transport himself back 
into the era of development preceding the establishment of specific 
chairs in pharmacology and must view his field in relation to the state 
of development of science and culture of that period. 


To stress the importance of the historical development of pharma- 
cology upon the prospective teacher, we included in our seminars in 
pharmacology for graduate students this year the presentation of the 
contributions of Andreas Vesalius, Claude Bernard, Rudolf Magnus and 
John Jacob Abel, Outlines of cach of these presentations are available 
here in case anyone wishes to examine them, In these seminars many 
features of the lives of these men as teachers were brought out, first 
of all in relation to how they modified the trends of teaching in their 
day, Thus, Vesalius started a veritable revolution in teaching by per- 
sonally taking over the demonstrations in anatomy, previously conducted 
by barbers who were often inept, and by urging the student to make obser- 
vations for himself, rather than accepting the dicta of the old author- 
ities, especially those of the famous Galen, Bernard, the prince among 
the French physiologists, helped establish physiology as an independent 
science, while simultaneously initiating early beginnings in pharmacology 
in his classical work upon curare and carbon monoxide poisonings,. Magnus 
was the great luminary in creating student enthusiasm in pharmacology. 

At Lincoln, the students turn out en masse to welcome the returning 
Cornhuskers after a football victory; when Magnus returned to Utrecht 
after the first World War, he was given a similar rousing student welcome 
and escorted from the railroad station te the pharmacological institute, 
Unless he were in a casket, and some students may wish he were, would a 

_ group ef students in our day even assemble at the station to mark a 
professor's return from a leave of absence? In the fourth seminar 
emphasis was placed on the major contribution of Abel, who, from meager 
beginnings, succeeded in establishing experimental pharmacology upon a 
firm basis as a teaching tool, 


In our course in pharmacology we attempt to imbue the prospective 
teacher, even as an undergraduate student, with interest in and love for 
a broader and deeper knowledge of his subject. The story of how Banting 
and his associates succeeded in preparing insulin because of Banting's 
contempt for the negative results of the past lends itself well to that 
purpose, The value of this presentation is endorsed by the inclusion 
of the major part of Banting's own description of his discovery in a 
recent textbook. 


Importance and Advantages of Attending Conventions. The successful 
instructor naturally wishes to attend and participate in the teachers! 
conferences ef the American Association of Colleges of Pharmacy. He 
should not only be urged to do so, but should be granted financial aid 
for this purpose so that he may become acquainted first hand with trends 
in teaching methods as well as with his teaching confreres, Of course, 
the same thing holds true for a seminar of the type now in progress here. 


Oppertunities to study history in the making are available and 
eagerly sought by the alert teacher by attending the meetings of the 
Scientific Section of the American Pharmaceutical Association and other 
similar meetings, While at such gatherings the teacher accepts oppcr= 
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tunities offered té visit the pharmacological laboratories of the schoels | 
in the conventién city, listens to descriptions and discussions of new 
discoveries by the men who made them, and, of special impertance to 
teachers in pharmacy colleges, learns directly about what is going on in 
related fields &f scientific endeavor, Assuming that he already helds a 
Doétor of Philosephy degree in pharmacology, it is hoped that he is of 
the t that not merely "chirps, but also scratches," so that he will 
present results of his own research at such conventions, 


Inasmuch as research of the highest caliber is carried out by most 
of our pharmaceutical manufacturing houses today under the leadership 
of gifted directors, the teaeher often accepts invitations to visit 
nearby commercial research laboratories, Techniques not available in 
many colleges of pharmacy and experiments in pregress may be studied, 
The directors of these laboratories not only supply expert guidance, but 
give advice based upon their experience to make such visits even more 


worthwhile, 
Abilit 


Let us assume that the goed teacher constantly strives to broaden 
his knewledge of pharmacology by reading, research and attendance at 
conventions, He then must exercise his critical ability te sift frea 
all of this knowledge the material to be presented to his students, mest 
of whem will enter retail pharmacy rather than careers in teaching or 
research, Once he has completed the arduous task of preparing a welle 
rounded course, it weuld seem unnecessary ts make up a new set of 
lectures every year, However, the teacher must constantly revise his 
material, net only te incerperate the impertant new drugs and delete 
those becoming obsolete, but to make adjustments for the results of his 
previ teaching as shown by examination results, He should not only 
be self-critical, but should welcome the criticisms of others, It is 
impossible for him te rectify all the deficiencies in the previeus traine 
ing ef each and every student, Hewever, he is favored by the fact that 
students not well suited te the pharmaceutical field have not been allowed 
te continue in schoel, hence, will not be enrolled in the course in phar= 
macelegy, Nor will the instructor be able to overcome all the handicaps 
entailed in the great variation in the number of hours devoted to out- 
side work by his students; these difficulties have been increased by 
early marriages, When a student has to work every night to suppert a 
family and has been kept awake by a teething baby he is apt to fall 
asleep during the early morning lectures, In view of these added diffi- 
culties, it becomes all the more important that the teacher in revisions 
of his lectures constantly attempt to find means of making them clearer, 
more interesting and more inspiring, and of such a nature that they will 
induce the student te think fer himself-«the ultimate goal of education, 


Ability te Arsuse and Maintain Student Interest 
The instructor must at all times guard against permitting his 
lectures ta degenerate into a purely mechanical process by which the 


material in his notes is transferred to the notebook of the student 
witheut passing through the minds of either, 


Hence, first of all, in spite of the multiplicity of material : 
to be presented, the lecturer must maintain a reasonably moderate pace 
with frequent brief pauses to make certais# that the student riot only 
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understands new terms, but learns to spell them correctly and knows their 
derivations. Attention of and interest on the part of the student are 
not in themselves enough. Recall and recognition of terms and principles 
are equally important. Knowing the etiology of the new terms helps in 
this. The teacher mist also make certain that the student sees the 
proper relation to physiological principles and to the disease for which 
the medicament is advocated, However, some degree of caution should be 
observed in reviewing material from physiology, pharmacy, or other fields 
to avoid devoting an undue proportion of the time allocated to the course 
in pharmacology, Undue duplication of material given in preceding courses 
is to be avoided, lest the repetitions become boring to the student, 


Proper Use of Texts and Library Facilities. To prevent his students 
from becoming automatons that merely regurgitate the lecture material 

in response to examination questions, the teacher must in his lectures 
stimulate interest in using the assigned textbooks. This is of paramount 
importance to students who learn rather slowly, or have difficulty in 
recording adequate lecture notes, By announcing in advance the topics 

to be covered, the instructor enables the students to read the appropriate 
material in the text and thus to come to class much better prepared to 
understand the lectures. This applies even more to students coming from 
foreign countries, because they may have difficulty in following a lecture 
in an alien tongue, This difficulty is increased if the teacher also 
hails from a foreign land. Distribution of a condensed version of the 
first lecture serves partially to guide the student in learning how to 
concentrate the lecture material in outline form in his notebook for 
future use and partly to allow him to become acquainted with the voice, 
method of presentation, and personality of the instructor, The good 
teacher must also insist that the student actually read the references 
given to him as sources of information needed in answering questions asked 
in the laboratory manual, This is very difficult to accomplish, especial- 
ly since it is so much easier to copy such answers from notebooks of 
former students! Although the student may not, after graduation, have 
frequent need to visit a scientific library, it is of great value to him 
to learn how to find specific information under the guidance of expert 
and willing librarians, This experience may be of considerable use in 
his professional life, 


Development of a Sense of Civic Responsibility 


The instructor must keep in mind that his students, upon graduation, 
will enter their professional careers, not only possessing considerable 
knowledge of pharmacology and other professional subjects, but as edu- 
cated men and women, As: such they must, as members of society, develop 

a strong sense of civic responsibility and take an active interest in 
many problems involving the welfare and progress of the community in 
which they live. From his own knowledge and observations, it is entirely 
possible that the professor may have acquired certain strong convictions 
concerning many sociological problems, such as that of alcoholism, How- 
ever, he should remember that fanaticism will not solve such a problem, 
He must, rather, place before his students all of the scientific facts 
and sociological implications of the problem and then encourage them 

to determine for themselves, on the basis of this information, the best 
way to assist their fellow members of society in coping with this great 
problem. The knowledge and critical attitude which they have acquired 

in their study of pharmacology should be extremely helpful in this 
connection, 
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The good instructor who has chosen pharmacology presumably because 
of his interest in and enthusiasm for this field, should, if he is a 
successful teacher; be able to impart some of his fervor to his students, 
The extent to which he succeeds in this depends largely upon the attitude 
which the instructor takes toward his work, He mst not only be inwardly 
enthusiastic, but he must reflect it at all times, for enthusiasm is 
contagious, Should he, at any time, approach his tasks with an attitude 
of complacency or boredom, this attitude will very quickly be transmitted 
to his students, It is only by example that he can instill in them a 
strong desire to continte to stutly critically progress in this field after 
graduation, This means more than reAding material supplied by manufac- 
turers and their sales representatives, excellent as such presentations 
usually are. It is always a pleasure, and a measure of the success of 
the instructor, to have former students return to him for counsel, 
showing that they have retained their interest in pharmacology. 


Opportunities occur for the teacher of pharmacology to present 
discussions of recent advances at state or local pharmaceutical meetings. 
In some localities interest on the part of former students, in keeping 
abreast with the march of pharmacological science, has led to organized 
contact with the instructor in the form of brief refresher courses. 


Guidance of Student Learning 


The good teacher recognizes a major responsibility in dealing with 
questions raised by his students, and especially those stimlated by 
their failure to answer satisfactorily specific examination questions. 

It is, of course, very simple to supply the student with the correct 
answer. But it is much more helpful if the teacher attempts to direct 
the student's thinking so that he may have a full understanding of the 
principle involved and be able to apply it to similar problems. With |. 
large classes, time may not be available to do this with every student. 
It was for this reason that we proposed in our discussion yesterday that 
the instructor spend a part of a lecture period after each examination 
explaining to the class the objectives of the questions requiring thought, 
rather than rote memory or recall. Inasmuch as inadequate answers do not 
necessarily imply that the student is deficient in reasoning power, but 
may suggest that the subject matter was improperly presented in the 

first place, or that the statement of the question lacked clarity,’ the 
wise instructor is careful not to single out any student by name be- | 
cause of incomplete, poor, or even unusual answers, Nor should he read 
answers by the best students, mentioning their names and expressing 
praise for their efforts, Such criticism or conmendation should be 
reserved for private conferences, and even under these conditions, 

either should be used in moderation, If, in an extreme case, the in- 
structor elects to read an unsatisfactory answer in class without identi- 
fying the student, he must carefully guard against adopting a satirical 
attitude, Even though the student is not identified in class, he will, 
nevertheless, recognize the answer as his and is likely to resent the 
criticism as applying to him personally. As a general policy, the con- 
siderate instructor should avoid verbatim readings of answers in class, 
regardless of whether they are right or wrong. 


A rather cynical former professor of mine, who was a competent 
lecturer, once stated that he believed that one-third of his students 
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would understand what he said, another third would get a ‘muddled! idea 
of what he was trying to explain, and the last third would gain just the 
opposite understanding. Although this may be an exaggeration, the good 
instructor realizes only too well, with human nature what it is, that he 
must condone a student for trying to supply an answer to a question, 
although he has failed completely to grasp the principle involved, and, 
as a consequence, his answer bears no relation whatsoever to the question, 
Such answers indicate that the student wishes to show the teacher that he 
knew some part of the assignment, although not the one covered by the 
question, Of course, the good teacher mst attempt to curb this tendency 
to dodge issues, even applying penalties by making subtractions for such 
answers, if necessary. Even under these conditions, he will contime to 
encounter difficulty in preventing students from guessing in the absence 
of specific knowledge or proper reasoning power, This is, after all, 
just another confirmation of the truth of the adage that ‘a drowning man 
will grasp at a straw,' 


the t tude 


The good teacher must have a great deal of sympathy for and under- 
standing of the student and his problems. This applies not only to the 
immediate problems connected with his scholastic difficulties, but to 
problems in a number of other areas. Usually, the professor is not in 
position, nor is it his function, to render direct financial aid, al- 
though this is sometimes done in emergencies which may arise, In any 
case, the professor does everything possible to assist worthy students in 
obtaining scholarships, grants, or loans which may be available, He 
shows a sympathetic attitude toward the student in case of illness or 
other misfortunes; he helps him study the material missed because of the 
resulting absences from class; he shows him how best to prepare for 
examinations, realizing that with a number of classes scheduled in regular 
sequence, the student is unable to follow the excellent pedagogical prin- 
ciple of reviewing the lecture within the hour immediately following and 
again the same evening, The instructor tries to adjust his schedule for 
examinations, whenever possible, to avoid the possibility of his students 
having several major examinations on the same day. He should announce well 
in advance the date of each examination and outline clearly to the class 
the scope of the questions to be expected. He may find it useful to set 
aside a short period to allow students to ask questions concerning the 
general nature of the tests before they are given, 


However, to insure that the student approaches the laboratory 
sessions with a reasonably clear understanding of what is expected of 
him, the instructor should at times give unannounced brief written lab- 

oratory quizzes, and the students should be informed at the beginning of 
' the course that such tests may be expected at the beginning of any lab- 
oratory period. 


insistence of Proper Deportment 


Regardless of how sympathetic the good teacher may be concerning 
all legitimate individual problems of his students, he must also recog= 


nize the fact that he has a responsibility to discharge in training his 
students, both by precept and example, in punctuality, courtesy, and 
gentlemanly behavior, Unless valid excuses are furnished, assigned tasks 
must be completed on time. The matter of decorum involves the student's 
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behavior both in and out of class. Upon graduation, the student is 


expected to be not only a technically educated person, but one of culture, 
as well, 


If, in the classroom and laboratory the reins are held too loosely, 
undesirable frivolity is quite likely to make its appearance, When once 
we saw a student place a dead rat in the pocket of a classmate, proper 
steps were taken to prevent the recurrence of similar juvenile impulses, 
On another occasion, while we were laboring to get a demonstration to 
proceed properly, we noticed one of the better students dropping paper 
wads down the neck of a less gifted student who was making a sincere 
effort to gain an understanding of the experiment. A friendly talk with 
the offender, after letting him wait overnight in anticipation of a 'Hell 
and Maria' session, convinced him that we would appreciate his cooper- 
ation in preserving a dignified atmosphere in the laboratory, Fortunately, 
most students are capable of sizing up their teacher quite accurately 
and seem to know intuitively that certain patterns of behavior will 
offend him, and govern themselves accordingly. 


The tations the Teache 


One of the rather serious problems facing the prospective teacher 
preparing himself for a career in pharmacology is whether or not he 
wishes to specialize in a particular area of the subject. If his de- 
cision is for specialization, he should recognize the fact that this 
probably cannot be done without sacrificing to some extent the attainment 
of a well rounded view of the field as a whole, Toxicology, bioassay, 
and endocrinology (the latter often considered as a branch of physiology), 
all constitute important divisions of the general field of pharmacology. 
Any one of these divisions, if the instructor elects to specialize in it, 
would require the major portion of his time in acquiring complete mastery 
of the subject. Thus, the proper understanding of bioassay has demanded 
an enormous increase in the use of statistical methods, both in planning 
the assays and analyzing the results, Ultimately, the teacher in pharma- 
cology may be forced to depend upon consultants in statistics if he is to 
find time enough to keep up with progress in pharmacology in general. 


Most teachers of pharmacology who have been in this field for some 
years have had no opportunity to take formal courses in educational 
techniques and procedures, Perhaps it would be worthwhile for a young 
man intending to enter this field of teaching to consider the possibility 
and potential value of courses in teaching methods, educational psychol- 
ogy, and allied subjects before initiating or completing his technical 
training in his chosen field, Every teacher naturally recalls those of 
his own teachers who most impressed him and appropriates their methods and 
techniques for use in his own presentations. As time passes, he learns 
new methods through his own experience, and strives to improve his teach- 
ing by reading about teaching methods, by consultation with experts in 


the field, and by attending regularly conferences of teachers in the 
pharmaceutical field. 


The Teacher As An Example 


During discussions concerning the proper handling of certain prob- 
lems involving student conduct at the American University of Beirut, 
Lebanon, the importance of the influence of the teacher's example upon 
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student behavior was impressed upon me. An American member of one of the 
small discussion groups stated that on the basis of his own personal 
observation the example set by one of his former professors extended far 
beyond the classroom and pertained not only to educational, but to moral 
attributes as well. The professor whom the student comes to respect, 
like, and admire, he may also come to emlate}! 


Conclusion 


In this discussion, intended primarily for the graduate student 
planning to enter a teaching career in pharmacology, we have first 
emphasized the importance of proper preliminary and continued study in 
the field, including that of its history, and of active participation 
in conventions, We have next taken up the matters of selection of 
material for class use, of ability to arouse and maintain student inter= 
est, even beyond the school years, of teaching the student to use 
library facilities, and of guiding his learning, We have also stressed 
the matters of developing his sense of civic responsibility, of possessing 
a sympathetic attitude toward students with insistence on proper deporte 
ment, and of considering the limitations of the teacher, as well as of 
the teacher as an example, The material has been supplemented with an 
appendix containing three lists of qualifications of a good teacher, 
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APPENDIX A 
BY Hy O. HOLCK 
THREE LISTS OF QUALIFICATIONS OF A GOOD TEACHER 


The Good Teacher 
Dre‘Milton 0, Pella 
Professor, Department of Education 
University of Wisconsin 


1, The good teacher is a lady or gentleman possessing integrity ~ 
" of character and who is sincerely interested in helping éthers, 
2e The good teaeher is a scholar specifically and generally, 
3 The good teacher possesses a balanced appreciation of his 
contribution to his department and the relationship of his 
department to other departments and to the total instructional 


plan. 
4, The good teacher has a basic understanding of the psychology of 
learning and of educational principles, 
5- The good teacher uses his knowledge of the psychology of 
learning and of educational principles in dealing with problems 
of learning. 
6. The good teacher carefully selects, organizes and presents 
content in a clear logically organized manner, 
7. The good teacher adjusts the presentation of material to the 
_ gtuflent*s level of ability, He knows his students, ; 
8. The good teacher stimulates intellectual curiosity in students, 
9. The good teacher understands the several different methods of 
10, Tis good teacher knows how and when to use each method of 
Anstruction, 
11, The good teacher knows how and when to use tools of instruction, 
2122, The good teacher understands the function of tests as well as 
their limitations, 
134 The good teacher knows how to construct a good test, 
U4. The good teacher is able to work with his colleagues in realizing 
 * .the attainment of a common goal, 
15¢ The good teacher is a research worker in the field of good teaching, 
16, The good teacher is interested in progress, 


What Makes A Good College Teacher 


‘Dre D. Ay Worcester 
Professor of Educational Psychology and Measurements 
University of Nebraska 


Suggestions from recent graduates: 
1. Must know his subject, 

2e Must know something else, 

3. Must like to teach 
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Must know how to teach, (Not all use same method, but there mst 
be some method). 


Must know something about his students. 

Must like students, 

Should be still learning himself, (Not living merely in terms of 
his own profession and his own graduate research), 

Must be open-minded, (Willing to listen to questions and willing 
to listen to opposing views, Willing to acknowledge errors), 
Must remember students are learning and inevitably make some 
errors. 

Must be interested in teaching students--not flunking them, 
Should make clear, at an early date, the objectives of the course, 
Should stick to these objectives. 

Should not be far over the students! heads, 

Should have a sense of’ humor, but this does not mean necessarily 
to tell a lot of jokes, Not take himself too seriously. 

Should be accessible to students, in time and attitude, 

Should let students know where they stand, (No mark below 4 and 
then fail) ° 

Exams should be fair, 

Exams should be in terms of the objectives of the course, 

Should himself work, 


WHAT MAKES A GOOD COLLEGE TEACHER 


Dre E. Roger Washburn 
Professor of Chemistry 
University of Nebraska 


The teacher must desire to teach and be willing to work to 
satisfy his desire, 

The students must desire to learn and be willing to work, The 
teacher should sustain and promote this desire and provide the 
opportunity for work. 

The teacher must have a good knowledge of his subject; he 
should know much more about it than he can expect to teach. 
Effort should be made to find out what the majority of the 
students in the class know about the subject so that too much 
time will not be devoted to review and so that the teacher | 
will not start out too far ahead of his class, 

Each course should be carefully planned, and the objectives 
should be definitely and-clearly stated. 

Each class meeting should be carefully planned, and in it some 
progress should be made toward the objectives of the course, 
Assignments to the text or to reference material should be 
made; these should be definite, at least as to subject matter, 
if not as to pages or chapters. 

The vocabulary of the subject should be introduced slowly and 
with sufficient explanation so that students can understand 
what is being discussed, 

In each class meeting, lecture or discussion, the students 


should not only be given the opportunity to ask questions, but 
should be encouraged to do so. 
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The teacher should find out which portions of an assignment 
are of more than ordinary difficulty so that more attention 
may be given to the topics which require it. 

The teacher should not talk too rapidly or erase material from 
the blackboard too quickly to permit adequate notes to be taken. 
The teacher should avoid disturbing or distracting mannerisms, 
Examinations should not be limited to the objective type 
(multiple choice, true or false, fill in the blank, etc.) 

but should contain some questions requiring thoughtful dis- 
cussion or logical development. The answers to such questions 
should be read by the teacher, 

Research, 

Writing of books, 
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THE ELEMENTS OF GOOD TEACHING 


Paul Alexander 
Professor, Department of Education, Purdue University 
West Lafayette, Indiana 


There is no one pattern of good teaching. Good teachers differ 
among themselves in personal characteristics and in their techniques and 
methods of instruction. Teaching is primarily a problem-solving situation, 
It includes competence in the determination of objectives, both ultimate 
and specific; an analysis of these objectives into a type or types of 
learning; and finally, the provision for learning activities by which the 
students attain these desired educational goals. The methods of a partic~ 
ular teacher, therefore, must be appropriate to his students, his subject | 
matter, and himself, In all teaching situations, however, there are common 
elements of good teaching. These elements can be identified and, if rec- 
ognized and understood, should contribute to a more effective solution of 
teaching problems. 


Good teaching is directed toward the attainment of the most worth- 
while objectives. Every teacher is faced with the necessity of making 
choices among a number of possible objectives. All things cannot be 
taught to all people. Good teaching is concerned with the selection of 
objectives which are the most important and most worthwhile. These 
objectives may be those which have to do with a long-term educational 
program, or with the more specific objectives to be attained in a partic- 
ular course or even in a class period. Competence of the individual 
teacher in making wise choices is associated with an understanding of his — 
total field of specialization and its relation to general education. 


Good teaching recognizes the psychological principle that students 
learn through self-activity. Learning is not a passive process of absorp- 
tion, but rather a process of reacting. Objectives can be achieved only 
by student exertion and application. The teacher, in reality, becomes 
the director of learning activities, The student listens, another time 
he looks, he makes a drawing, he visualizes, he remembers something, he 
sees a possible solution and tries it out, he searches for a reason, and 
with these activities and many others he makes progress toward his learn- 
ing goals. If classes are conducted in such a way that little or no 
student activity takes place, then learning languishes. 


Good teaching provides learning activities which are in fullest 
agreement with the type or types of leaming desired. There are at least 
five types of learning. These are: sensory experience, memory, motor 
skills, problem-solving, and emotional. A teaching objective usually 
involves one or more of these types of learning. It becomes the teacher's 
responsibility to provide the kinds of learning activities which are in- 
volved in attaining the objective. In other words, the instructor teaches 
in a certain way if his objective is the development of problem-solving 
ability, another way if he is presenting information, and perhaps uses a 
different approach if he is working for motor skills. No one method of 
teaching works equally well in all situations, Teaching objectives and 
appropriate learning activities carry a concept which can be of value 
to every teacher, 
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teaching is unitary, rather than fragmentary. The more or less 
arbitrary division of course content into fifty four parts which can be 


presented in three fifty minute periods per week for one semester may 
result in learning by the student, but this learning may be made up of 
isolated information which is difficult to retain, and which the student 
is unable to use in a functional manner. Good teaching means unitary 
learning in which there is a constant development of relationships, 
functions, and ideas. 


Good provides for the release of the energy of students 
that they can apply themselves fully. While there is some evidence that 
the amount of interest required for successful achievement in a special 
field is not so great as one might think, the college teacher has a defi-e 
nite responsibility to teach worthwhile materials in an interesting way. 
The teacher himself is the most important source of motivation, If the 
teacher is bored with the subject, expect the class to be; if the teacher 
is indifferent to the class, expect the class to be indifferent to the 
teacher; if the teacher is fascinated with the subject, expect the class 
to be; if the teacher is in a hurry to get on to something else, expect 
the class to be in a hurry to get on to something else, Each individual 
teacher needs to become a student of the motivation of human behavior, for 
an understanding in this area is definitely associated with successful 
teaching. 


Good teaching provides for individual differences. Most specialized 
educational programs are selective in nature, While this selection 


undoubtedly cuts down the range of individual differences among students, 
groups are far from homogeneous, There will be differences in background, 
study habits, maturity, etc. It is possible that each student will ap- 
proach learning differently. While specialized programs may require 
minimum standards of student proficiency, students may attain these 
standards in different ways. Good teaching, therefore, must take into 
account these differences which will inevitably exist among any group of 
students, 


teaching is diagnostic and remedial. Sometimes learning seems 
to bog down, The class may run dead, or an individual student may 


experience difficulty. Little or no learning is taking place. Every 
teacher needs an understanding of the teaching and learning process which 
will enable him to identify the causative factors, Often the remedial 
work necessary to eliminate the block in learning can be provided by the 
teacher, Many universities have developed specialized remedial services, 
The teacher should be acquainted with the services offered and when the 
difficulty requires more time or more specialization than the teacher can 
provide, these services should be used, © 


Good teaching provides a physical and social ¢ which is 
favorable for learning. There is evidence that factors in the physical 
environment are related to progress in learning. The appearance of the 
room, arrangement of seating, cleanliness, temperature and humidity, 
all have an influence on learning, Not only are the physical factors 
important, but the social environment also contributes not only to the 
amount of learning but also to its quality. The business of the univer- 
sity classroom should represent a fine balance between cooperative en- 
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deavor and individual enterprise. Classroom procedure should not 
resemble a contest in which the teacher is pitted against the students. 
The relation of student to student, and students to instructor is diffie 
cult to analyze and control. Yet, because of their importance, these 
relationships should serve as a challenge to each and every instructor, 


In summary, it can be stated that teaching represents a complex, 
problem-solving situation. Information about and an understanding of the 
essential elements of good teaching will not lead with certainty to 
successful teaching. However, this background is useful as teachers meet 
the actual problems in the classroom, and should contribute to the 
improvement of instruction, 
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CORRELATION OF PHARMACOGNOSY AND PHARMACOLOGY 
IN THE UNDERGRADUATE PHARMACY CURRICULUM 


Egil Ramstad, Professor of Pharmacognosy 
School of Pharmacy, Purdue University 
Lafayette, Indiana 


Materia medica as taught in this country in the past was a course 
embracing present day's pharmacognosy and pharmacology, usually also 
including some aspects of physiology, posology, and toxicology. (1) This 
caused much confusion and delay in differentiating the fields of pharma- 
cognosy and pharmacology (2). However, in the introduction of pharma- 
cognosy and pharmacology as major courses of instruction this confusing 
state has largely disentangled; on the other hand, the separation of the 
scope of materia medica into these two courses has called forth an interest: 
about the correlation of course content. The lack of training of the 
pharmacy student to think along physiological and biochemical lines is a 
regrettable obstacle for successful teaching of pharmacology on the level 
of a major subject. 


The achievement of an adequate background in the chemistry of natural 
products and in basic biological sciences is essential in order to make 
possible the teaching of pharmacology on a high level. Any help that can 
be given to this end should be considered seriously. It is possible that 
the present pharmacognosy courses could be modified so as to contribute 


more amply to this end, 


Since most of us are limited in our thinking about correlation of 
pharmacognosy and pharmacology by the traditional approach to pharma-e 
cognosy, and since that approach does not seem to offer much promise of 
correlation, let us try to establish some criteria of what should consté- 
tute the content of a pharmacognosy course, It is evident that only a 
small fraction of the sum of knowledge in any science can be imparted 
to the student, and one of the main problems the teacher of an applied 
science is faced with is not one of how-much-to-teach, but one of what-to- 
teach, We will therefore be forced to look for some guiding principles 
that can help us in selecting the material to be presented in the course. 
If we do not do so, the course may develop more or less into a cacophony 
of confusing, isolated facts of little or no constructive value. We may 
be trying to build a house without providing a proper foundation, 


The specific objectives we have in mind when building a given course 
may vary with each teacher, But we probably can agree upon certain 
fundamental objectives, I think we mst request of any course in an 
applied science that it should (1) provide for such information that 
will be useful to the student in solving problems, not only problems of 
today, but also of tomorrow, The more the knowledge can fulfill this 
purpose, the more desirable it will be. (2) The teaching of principles 
should be preferred to communication of isolated facts, Facts are readily 
forgotten and can be found in handbooks; understanding is more difficult 
to acquire, but, when obtained, becomes an integral part of the individual. 
Only then can the course really be meaningful to the student, 
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Pharmacognosy cannot be looked upon as an isolated section of the 
pharmacy curriculum with no connection to other pharmaceutical studies, 


The pharmacognosy course for undergraduates should therefore be outlined 
in such a way that: 


(1) The information to be presented serves to accomplish the role 
consigned to pharmacognosy as a building stone in the pharmaceutical 


education program so as to help qualify the pharmacy student for his 
future profession; 


(2) The course accomplishes the objectives of pharmacognosy as a 
science}; 


(3) Pharmacognosy, being a biological science like pharmacology, and 
preceding pharmacology in the pharmaceutical curriculum, aids in building 
a background in biological sciences that will be desirable for the suce 
ceeding pharmacology courses, 


In my opinion, all these objectives can largely be accomplished by 
revising and modernizing the content of the pharmacognosy courses. 


How does the traditional approach to pharmacognosy courses that is 
commonly taken today satisfy these requirements? Pharmacognosy as a 
science dates back to the beginning of the 19th century, Although the 
chemical knowledge of natural products was constantly increasing during 
the century, the natural drugs in their crude form or in the form of 
partly purified galenical preparations dominated in therapy. Under these 
conditions, the pharmacists actually had to collect drugs, preserve and 
convert them to galenicals., There was no food and drug administration to 
protect the buyer. The pharmacist had to identify imported drugs and 
judge their quality. Because of these conditions, a knowledge of flora, 
of drug morphology and in some instances also of drug anatomy, was impor- 
tant, or, perhaps essential in the practice of pharmacy, However, science 
and industry began to progress rapidly in the 19th century and progressed 
with accelerated speed during this 20th century, The 19th century was 

the century of industrialization, of the springing up of metropolitan 
areas, of technical and commercial expansions, More and more, pharma- 
cists discontinued collecting their own drugs; reliable pharmaceutical 
manufacturers gradually took over the extraction of crude drugs, and 
today, if the crude material is needed by the pharmacist, he can purchase 
the standardized product from reliable wholesale sources which have made a 
specialty of handling such products. As the active constituents of the 
crude drugs were isolated and made available, a gradual decline occurred 
in the pharmacist's dealing with the crude material as such, With the 
rapid development of chemistry, biochemistry, physiology, and pharmacol- 
ogy, the pure product from crude natural drugs, however, did not decrease 
in importance, On the contrary, discovery upon discovery brought them 
more and more into the focus of interest in therapy. 


Tllogical as it may sound, these developments had but very little 
influence upon the set-up of the pharmacognosy courses, A taxonomical — 
classification of crude drugs remained the standard approach, The teach- 
ing pf plant family characteristics and botanical origins, which involved 
the memorization of hundreds of Latin names and geographic origins, con- 

tinued, Plant descriptions, morphological, and anatomical studies of 
crude products also continued to be essential features of the courses, 
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Some schools still lay such weight on drug histological studies that it 
has been maintained that they are "trying to make expert plant anatomists 
out of the undergraduate pharmacognosy students", (3). ; 


A feeling that the contents of pharmacognosy courses are often 
impertinent and obsolete prompted The Pharmaceutical Survey, two years 
ago, to state that "Pharmacognosy as taught in many schools of pharmacy 
is now in need of drastic revision", 


There is another approach to pharmacognosy by which the objectives 
stated previously can better be accomplished, that is by a chemical or 
biochemical~physiological approach, 


It is recognized that the particular pharmacological actions of 
natural products derive their origin from definite chemical entities 
elaborated by the living cells, The interest of the pharmacist as well as 
of the pharmacologist will therefore logically center about the active 
principle of crude natural products. The active constituents also consti- 
tute the center of the pharmacognosist's interest in the drug since the 
existence of this chemical entity is the very reason why the drug is 
included in pharmacognosy. In fact, this is so evident that, as fr~ back 
as half a century ago, Tschirch, the grand old man of pharmacognosy, used 

a chemical system of classifying plant and animal drugs in his outstanding 
handbook of pharmacognosy.(4) Leroy D, Edwards (3) claimed 11 years ago, 

a chemical classification of natural drugs to be the most suitable one for 
undergraduate study. I know it works, for I was using that system myself 
in undergraduate pharmacognosy courses in 1941. The chemical treatment of 
natural drug products should therefore be given much more emphasis than is 
given in schools today, I do not think it advisable nor feasible to take 
up an individual treatment of all constituents in natural drugs in the 
undergraduate courses, However, the student should acquire sufficient 
familiarity with the types of compounds to be able to judge correctly 
about their physical and chemical properties bearing upon solubility, 
stability, and incompatibility, Key compounds, or compounds whose detailed 
chemistry may be particularly important, should be treated more in detail, 
The effect of aging and physical factors, decomposition, racemization, etc, 
cannot fail to be of interest to the pharmacognosist nor to the pharma- 
cologist. The chemistry also furnishes a clue to the understanding of 
methods used in the extraction of crude drugs and in the preparation of 
pure compounds, It will also help in understanding the behavior of 
galenical preparations, The student should be led to understand why cold 
storage of sera is needed, why penicillin loses its activity in aqueous 
solution, why digitalis leaves must be stored under anhydrous conditions, 
why insulin must be given parenterally, and so forth, 


The pharmacognosist as a scientist studies the drugs of natural 
origin from every point of view, As it has been stated, it will be logical 
in an undergraduate course to direct the attention more largely towards 

the active constituents, These constituents, however, are not only of 
interest because of their effect on the animal body, They have a function 
in the body of the producing organism too. An alkaloid, a glycoside, a 
vitamin should also be considered from the point of view of its relation . 
in the producing organism, as it has been pointed out "tke tastes (5) (6). 
In other words, they should be looked upon as parts of RR SYERSD 
as functional parts of the cells, A fermentation IE as for 

citric acid or glycerol, will acquire a different significance for the 
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student when looked at from the standpoint of cell metabolism, We are 
interested in the mechanisms of biosyntheses of the drug compounds 

both because we want a better understanding of the workings of the 
living organisms, and because we are directly interested in the pro~ 
blems of how to affect the production, say of penicillin or vitamins, 
from precursors, The vitamins are of no less importance in the enzyme 
constitution of the plant than in the enzyme constitution of animals, 
Enzymes and enzyme regulatory mechanisms have implications in drug pro- 
duction as well as in drug actions and drug transformations in the 
animal body, or in the effects of drugs on microbes, Antibiotic pro= 
duction by microbes and antibody formation by man are but two faces of 
the general struggle for survival, But both phenomena should be under- 
stood. Problems related to the influence of environmental factors such 
as temperature, pH, mineral, and organic nutrients on the drug producing 
organism should be of value for the understanding of biological pro- 
cesses in general, and even a discussion of the value of various plant 
strains for the production of drugs (e.g. penicillin, ergotamine) should 
lay a basis for the understanding of mutation in the phenomenon of drug 
fastness, 


The pharmacologist does not wholly content himself with describing 
the physiological responses to drugs. He, too, sees the ultimate goal 
to be able to explain the action as the effects of the drugs on the 
chemical processes occurring in the cells. In the future we shall know 
more about those ultimate mechanisms of drug action, The pharmacolo- 
gist, in order to make himself understood when explaining the cellular 
mechanism of drug action, needs an audience that is familiar with bio- 
chemical thinking. Whether this is acquired by study of animal or 
plant does matter little. Let us not forget that the biochemical design 
of plant and animal cells shows a close similarity, a fact which appar- 
ently was realized decades ago by Claude Bernard when he stated that 
"Animals and plants live identically, but function differently". Al- 
though there is this difference in functioning of animals and plants, 
the inclusion of plant physiological problems related to drug pro- 
duction in a pharmacognosy course should develop in the student the 
ability and the habit of thinking more along biochemical and physio- 
logical lines, 


There has been raised question about the necessity of pharmacog- 
nosy as a background for the practicing of pharmacy, It seems likely 
that fewer will consider pharmacognosy indispensable for the pharma- 
cist in the future, unless a recasting of the pharmacognosy course can 
make it pertinent and adapted to the needs and problems in handling of 
drugs by today's practitioners of pharmacy. A reduction of the taxo- 
nomical, morphological, and anatomical emphasis in pharmacognosy under= 
graduate courses and modernizing it by taking a more chemical, bio- 
chemical, and physiological approach to pharmacognosy, should change 


it into a useful and important course that should broaden the outlook 
of the student. 


Under the present four-year pharmacy training program the phar- 
macy student is likely to have considerable background inadequacies 
in biology, a fact that will tend to make it difficult for the | 
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pharmacology teacher to give his course on a level it deserves, and 
difficult for the student to profit fully from pharmacology as a major 
course, Pharmacognosy as a biological science can here be of considerable 
help, if it is given more liberally the character of a formative bio- 
logical subject than it is at the present time, An approach to pharma~ 
cognosy as the one indicated will not only make this science more useful 
as a pharmaceutical subject, it will be profitable to pharmacognosy 
itself, and it will help greatly in providing foundation for the compre- 


hension of the influence of drugs on cellular physiology of normal and 
abnormal tissues, 
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GENERAL DISCUSSION AND SUMMARY OF THE 
FINDINGS RELATIVE TO THE UNDERGRADUATE COURSES 


Nellie P, Watts 
New England College of Pharmacy 
Boston, Massachusetts 


Pharmacy, as is true of other fields of service in the care and 
cure of the sick--and may I include the maintenance and promotion of the 
state of health--cannot now be considered a "private enterprise". A 
trend that had become manifest before the advent of the sulfonamides-- 
that of the preparation of medicinals for retail distribution by methods 
of large-scale manufacture-=became steeper as the relative efficacy and 
safety of these and the subsequent antibiotics became known, Where the 
medicinals previously employed were largely directed toward treating 
symptoms and easing pain, now true chemotherapeutic agents were more 
often employed and by their specific action shortened the period of ill- 
ness, These chemotherapeutic agents were products of organic synthesis 
or large-scale culture which required exact physical and chemical con- 
ditions for their production, and effective competition by the individual 
pharmacist was not possible, 


Secondly, the trends toward medical care for all of our peoples, 
irrespective of financial status, and toward medical care in a hospital 
rather than in the home have contributed to make pharmacy even less a 
private enterprise, 


Consequently, the practice of pharmacy by the pharmacist as we 
have known it must change. No, it has changed. It is not now mainly 
the preparation and dispensing of drugs by the individual pharmacist, 
As a result of this change in the practice of pharmacy, pharmaceutical 
education must make adjustments. Such a challenge is not to be feared, 
It presents an opportunity. 


The modern pharmacist is a member of the public health team, the 
drug specialist in this team, In this role knowledge of pharmacology 
serves him well, 


As Dr. Francke pointed out, hospital pharmacists have an opportunity 
to make use of pharmacological knowledge constantly, In hospital 
formulary work, in large and small scale manufacture, in service to the 
staff physicians, to give service knowledge of pharmacological principles . 
are of utmost importance, Good service is appreciated and brings of ite 
self professional standing, Similar opportunities are available to 
pharmacists in the professional stores, to the general pharmacist serving 
the small commnity, to the research pharmacist in the manufacturing 
house, etc, To take his place as a member of the health team, increased 
professional training is needed to make the pharmacist the drug specialist, 
and pharmacology is the chief discipline in this extra training, 


The objectives of pharmacological training as brought to our atten- 
tion by Dr. Maher are to make the pharmacist a man of wide and accurate 
knowledge of the physical and chemical properties of drugs and of their 
effects on the body. Let him realize that drugs are used both for health 
and against disease, Let him have the confidence that general and spe- 
cific knowledge brings, and the ability to discard the old ideas and 
accept the new, An able education of first hand knowledge (laboratory) 
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and continued education (library) will do much to make the pharmacist 
ever young, With undergraduate pharmacy students it is to be expected 
that approximately 90% of them will become retail pharmacists and train- 
ing for a broad outlook, with appreciation of the place of drugs in the 
total health field and the place of pharmacology within the field of 
pharmaceutical education, is the goal, 


Dr, Edwards pointed out that pharmacology is a synthetic science, 
It uses freely from the disciplines of mathematics, chemistry, physics, 
and biology, Its uniqueness rests in the use of other sciences to obtain 
knowledge about drugs. Since it borrows from these fields of science, 

it is necessary that much understanding of these sciences be acquired 
before the study of pharmacology is begun, 


Generally, biological instruction in the schools of pharmacy is at 
a lower level than is chemical. This is true with respect to the number 
of courses available and the level of instruction in these courses, More 
and better laboratory instruction is needed, 


Dr. Edwards recommended as minimm prerequisites in the biological 
sciences for undergraduate pharmacology standard university courses, with 
laboratory, in 

General biology : 

Vertebrate anatomy - gross and microscopic 

Physiology 

Pathology (elective) 
In addition to these biological sciences, it was recommended that prior 
to pharmacology instruction, chemistry courses (through organic and bio-), 
physics, mathematics, and microbiology be completed, We heartily agree. 


Dr. Deno's report, based on his study of the colleges shows that 
instruction in many colleges must be raised to meet these requirements, 
The quality of instruction and the quantity are both below that recom- 
mended, Pharmacology requirements are no more than half met, 


Dr, Holck, in his discussion of the didactic course in pharmacology, 
recommended the use of modern textbooks of wide coverage, supplemented 

by reading of the journals. He proposes that the student shall acquire, 
in addition to knowledge of general principles and specific facts, a rich 
vocabulary of the sciences and ability to apply his knowledge. 


The aim of laboratory instruction in undergraduate pharmacology is, 
as stated by Dr. Swinyard, "to explain, expand, and dramatize the work 
covered in lecture", He recommended, therefore, that the laboratory 
instruction be correlated with the lecture, that the experiments be 
simple, and selected to establish principles, that the drugs employed 
bear a relationship to their importance and current use, and that dis- 
cussion of the experiment and correlation of results follow the labora- 
tory period, A critically selected number of motion pictures are of 
value, In no case, however, is their use to replace that of the simple 
laboratory experiment. Library study should be used in conjunction with 
the various experiments, Regarding the student's notebooks the members 
of the conferences are not in agreement, Regarding the laboratory manual, 
however, we are in agreement that the preparation of one’s own is to be 
preferred to the use of those commercially available, Thus, one can make 
use of what is available locally and change the content of the manual 
readily. 
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The laboratory is the core of pharmacology teaching. Much time and 
effort should be expended in its planning, as pointed out by Dr. Nelson, 
Too, it should be planned with the pcg thy the pharmacologist 
who is to teach in it. Consideration should given to the size of the 
experimental group, the class or section size--Dr, Nelson prefers a sec- 
tion of 24 students and a group of 4 students to a table--and the services 
required. In the laboratory, elaborateness is not to be desired but work- 
ability and efficiency are. A place for demonstrations should be provided, 
but this place should not be often used--student experiments make for 
better teaching. The individual faculty laboratory-offices, the research 
laboratory, the workshop, stockroom and animal room should be located 
convenient to the student laboratory. Local conditions determine how 
large the animal room should be and whether an incinerator or other means 
of animal disposal are required, 


In some instances the pharmacy students are taught pharmacology | 
by the faculty of a department of pharmacology of a medical school or of 
a university. In many instances this has been unsatisfactory because the 
level of instruction has been inferior to that given other pharmacology 
students, the course has been abbreviated, and it has been given without 
enthusiasm, Special acclaim is here given to Dr. E. G. Gross of the State 
University of Iowa. He serves well ail students who come to him A 
large department of pharmacology, in many instances, may serve pharmacy 
students better than an individual teacher of the pharmacy school faculty, 
Such a department may have a large staff and be able to offer specialists 
in the various fields of pharmacology, and may have hospital connections 
with the wealth of illustrative material such a connection brings. Phar- 
macy students come to pharmacology as seniors, or in some instances as 
juniors, and are better prepared than many pharmacology students to 
understand structure-action relationships. Their instruction should cover 
a wider range of drugs than that of a physician, dentist, or veterinarian 
since the pharmacist is to serve all these professions, 


Dr. Holck has spoken to us recently on the desirable qualifications 
of instructors. In no case should their basic training be less than 
that of a Ph.D. major in pharmacology. They should be experienced as 
pharmacologists and as teachers, They should be growing, active members 
of their profession doing research, reading, conferring with others, visit- 
ing other laboratories. The teacher should bring enthusiasm to the class, 
integrate pharmacology in the health sciences and in the pharmacy currice 
ulum, 


The teacher should remember that his place of service extends beyond 
the classroom and laboratory in which he works. He also serves a com- 
munity; he has citizenship duties; and with his students his role does 
not cease with the final examination. The teacher's role is to serve, 


We have been privileged this morning to have Dr, Alexander, Pro- 
fessor of Education of Purdue University, speak to us, We are appreci- 
ative of this. Yes, we must labor on for better training of the student 
before he comes to us for pharmacology—-better laboratories with better 
equipment, better training for the faculty, and lighter teaching loads in 
order that we may serve more intensively, However, the good teacher is 


resourceful and provides a steady, rich background in which the student 
best learns, The time to give more and better pharmacology instruction 
in schools of pharmacy is now, We are to provide good teaching at the 
same time as we are obtaining better conditions, The results may be 
better than one could expect from the raw material. ; 
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THE MECHANISM OF DRUG ACTION 


Kenneth DuBois 
Department of Pharmacology, University of Chicago 
Chicago, Illinois 


The mechanism of drug action is a subject which is currently receiv- 
ing an increasing amount of attention but nevertheless may be considered 
as being in an early stage of development, While pharmacology as a 
science has no clear-cut boundaries, it has in the past largely centered 
around physiological measurements of the actions of drugs on the intact 
animal and on isolated organs. It has also emphasized extraction and 
purification of medicinal compounds of plant and animal origin and the 
development of synthetic compounds with useful therapeutic properties, 


The physiological approach to pharmacology is of primary importance 
because defining the principal actions of a drug on the intact animal 
and on isolated organs is an essential step which should precede its 
clinical use. Ascertaining the toxic side reactions, searching for 
injurious effects by the drug through pathological studies and determining 
the fate of the compound in animal tissues have become standard prerequi- 
sites for the introduction of any new substance into practical use, This 
phase of pharmacology is thus indispensable as a primary consideration 
in research, teaching, and practical usage of chemical agents therapeuti- 
cally. 


The mechanism of drug action might be considered, from a practical 
standpoint, to be a dispensable phase of pharmacology, However, as I 
shall attempt to illustrate, studies on the mechanism of drug action can 
in itself be employed as a means of developing new drugs, as a procedure 
for arriving at a scientific approach to the treatment of diseases and 
antidoting poisons. 


For pharmacology to grow as a science we must devote attention to 
the fundamental aspects of drug action, The distribution of drugs in 
tissues must be understood, the permeability of cells to drugs and the 
effects of drugs on permeability must be elucidated and alterations in 
cell function produced by drugs must be interpreted in terms of cellular 
biochemistry, All of these problems constitute the foundations for a 
science of chemotherapy and drug action, At the present time we are only 
beginning to probe the nature of drug action, It seems that our best 
approach to the problems of drug action is to obtain a clear picture of 
the make-up of living cells so that we can reconstruct in exact chemical 
terms the series of events which we call cell metabolism, The knowledge 
gained by such an approach should enable us to appreciate the actions of 
drugs on cell metabolism and gain a secure base from which to conduct 
future research on the development of therapeutic agents. 


The modern concept of the action of drugs has as its basis the idea 
that all therapeutic agents produce their effects through (a) chemical 
interaction with some cellular constituent or (b) a physical action on 
cell surfaces. The majority of drugs and poisons appear to act by enter- 
ing into or interfering with one or more biochemical events which occur 
in cells, Thus, by inhibiting or stimlating various reactions or by 
correcting a deficiency in some essential metabolite normal function is 


e 
tevin 


,: 


iworm 


cet 
i? 


sqarerit 


to 
2 


eo a 
yi dos ps 
cto 


et Loerrton ot 


- 
wlinetmo ef doit gostdse a ef to metnarioam 
B te olocamrada love! vitee 
moro “eer La me 
; 
eit ater if wt e fre. 
© of of ew sldane 
Soubnon of mott 5 nies bes met lodetom 

Poo to gittidicnt vd 
istineecs emoe al vrorneis fot 


2. 


resumed in cells injured by disease, According to this general viewpoint, 
poisons block the sequence of biochemical events in cells and thus prevent 
the normal cellular functions from proceeding, 


The extremely small doses of many drugs and poisons which will alter 
the physiological functions of cells indicates specificity on the part of 
the drug in its action on cellular constituents, The general term proto- 
plasmic poison which has so often been applied to toxic agents is now 
obsolete for it suggests a general and non-specific reactivity seldom 
observed among drugs and poisons, 


Within recent years increasing attention has been given to the possi- 
bility that many drugs produce their effects by functioning as activators 
or inhibitors of enzymatic reactions, Such an interpretation necessarily 
implies that the diseases for which the drugs are intended are due to an 
inbalance in the enzymatic reactions in cells, From this idea it follows 
that various diseases constitutes a disturbance in cellular biochemistry, 
Thus, for example, cardiac decompensation would be considered to be due to 
a biochemical abnormality in the metabolism of heart muscle and the cardi- 
ac glycosides correct this biochemical deficiency or injury. 


Progress in the field of the mechanism of drug action necessarily 
depends upon progress in the field of cellular biochemistry, Most of our 
present knowledge of cellular metabolism has been obtained during the past 
twenty years as a result of improved methods for isolating enzymes and 
methods for measuring enzyme activity. As a result of this progress 
investigations on cellular metabolism have gradually assumed a more quan- 
titative aspect, 


The first serious consideration of the mechanism by which drugs act 
can be attributed to the work of Ehrlich in the early part of this century. 
During his studies on chemotherapy he suggested that drugs exert their 
effects on parasites by direct chemical combination of the drug with the 
parasite. He thus timulated in vitro studies of the actions of drugs on 
cells, In 1914 Simon and Wood put forth the idea that since intracellular 
metabolism is dependent upon the action of enzymes, the deleterious 
effects of poisons may be due to an interference with the activity of these 
cellular components and that the cell dies not necessarily because it has. 
been poisoned but rather because a sufficient number of cellular enzymes 
have been thrown out of action to render the cell incapable of performing 
the functions vital to life, The suggestions of Ehrlich and of Simon and 
Wood were purely speculative at that time but since then have been given 
an experimental basis by many investigators. 


Investigations by Warburg and Keilin in 1913 to 1929 included 
studies on the effect of narcotics and poisons on the respiration of 
intact organisms and provided a much needed link between isolated enzymes 
and cellular metabolism, They found that certain compounds such as ure- 
thane and alcohols inhibited the respiration of intact cells, When the 
same narcotics were added to cell-free enzyme preparations the inhibitory” 
effect was less than on the intact animal, Warburg suggested that this 
was due at least in part to the selective action of the cell membrane 
which transmitted lipoid-soluble substances rapidly to the interior of _ 
the cell, Cyanide on the other hand inhibited respiration at a far lower 
concentration than narcotics and had a highly specific effect on oxygen 
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uptake, Warburg interpreted this as indicating the presence in cells of 
a cyanide-sensitive enzyme system which is now known as cytochrome 
oxidase, 


Since 1930 rapid progress has been made in elucidation of the enzym- 
atic reactions involved in the energy-yielding processes in the cell. 
In addition quantitative methods for estimating enzyme activity have been 
developed, In this connection the introduction of the use of tissue 
homogenates by Potter and Elvehjem in 1936 was a particularly valuable 
contribution because it has been possible to carry out quantitative 
assays on tissues taken from animals treated with drugs by using tissue 
homogenates, It is therefore no longer necessary to rely solely on in 
vitro tests which are often times misleading insofar as interpretation of 
events occurring in the intact animal are concerned, 


The general procedure employed in our laboratory for the study of 
drug action may be illustrated by the results of investigations on 
cholinergic drugs, Our interest in this subject began in 1947 when we 
initiated pharmacological research on a new insecticide called hexaethyl 
tetraphosphate, This material had been introduced and successfully 
employed for the control of plant aphids in Germany, It was reported to 
have a nicotine-like action but no further information on its pharmaco- 
logical effects was available. 


During toxicity studies on HETP we observed that animals poisoned 
with this compound showed symptoms typical of those produced by para- 
sympathomimetic drugs like DFP, neostigmine and physostigmine, Muscular 
twitching, tonic and tonic-clonic convulsions, involuntary defecation, 
micturition and salivation were noted. These symptoms are referrable to 
an increased activity of the parasympathetic nerves, somatic motor nerves 
and the central nervous system, It, therefore, seemed likely that the 
chemical mediator for the nerves involved was elevated through an inhi-e 
bition of cholinesterase which normally causes rapid hydrolytic disposal 
of acetyl choline, Tests on the effect of HETP were then conducted and 
we observed that this compound was a potent inhibitor of the choline- 
sterase of insects and mammalian tissues. The insecticidal action of 
this compound as well as its toxicity to mammals appeared to be explain- 
able on the basis of cholinesterase inhibition with the consequent 
increase in acetyl choline. 


However, it is not safe to assume that in vitro inhibitory effects 
of drugs on enzyme systems also occur in vivo. The in vitro tests give 
an indication of the possible effects in the intact animal but final 
proof of the mechanism of action requires tests on tissues taken from 
animals treated with the drug wherever possible. In the case of choline- 
sterase we devised a method for assaying the activity of animal tissues. 
The procedure involved the use of homogenates of various tissues and the 
quantity of acetyl choline hydrolyzed per unit of tissue in 30 minutes was 
measured manometrically making use of the well-known procedure in which 
the acetic acid liberated from acetyl choline was allowed to react with 
bicarbonate in a closed system and the carbon dioxide liberated was 
recorded as an index of cholinesterase activity, In devising this method 
we set up test conditions which would allow accurate assays of the enzyme 
concentration in the tissue, The procedure has been applicable throughout 
our investigations during the past five years not only for animal tissues 
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but also for studies on insect tissue of widely varying cholinesterase 
activity, Selection or development of an assay procedure which is applie 
cable to all phases of a research problem is of primary importance in 
initiating work on the mechanism of drug action, for with a method which 
does not need to be modified from time to time it is possible to compare 
data obtained throughout the entire period of experimentation, 


To prove that HETP inhibits cholinesterase in vivo as well as in vitro 
lethal and sublethal doses of the compound were administered to rats and 
cholinesterase measurements were performed at the time of death or at 20 
minutes after administration of sublethal doses. These assays demon- 
strated that HETP markedly inhibited the cholinesterase activity of several 
tissues in vivo. In these assays brain, submaxillary gland, skeletal 
muscle, and serum were studied since the symptoms produced by the compound 
indicated that the activity of the central nervous system and peripheral 
tissues was inhibited. In drug action studies it is always necessary to 
give particular attention to the tissues which are affected by a drug 
in the intact animal, The fact that HETP produced an inhibitory effect 
on the cholinesterase activity of both central and peripheral choline- 
sterase indicated that the compound gains access to all tissues of the 
body. 


From the standpoint of accidental poisoning by this insecticide it 
was important to determine whether the effects of HETP on cholinesterase 
were reversible. For this type of study on any drug the pharmacological 
- approach involving administration of a sublethal dose of the drug followed 
by assays on tissues of treated animals at various intervals seems pref- 


erable to any other procedure, Thus with HETP we observed that the inhibe 
itory effect was reversible within a few days after administration, This 
finding would be anticipated in view of the reversible miosis and the 
rapid recovery of animals which receive a sublethal dose of the compound, 
In the cases of accidental poisoning by this compound in man rapid rever~ 
sibility of the effect has been noted in agreement with the results of 
our enzyme tests. On the basis of in vitro tests alone other investi- 
gators thought that this compound produced an irreversible inhibition of 
cholinesterase because dialysis failed to restore the enzyme activity. 

It is thus clear that we must perform assays on the tissues of treated 
animals to determine the duration of enzyme inhibition by drugs since 
factors not operative in vitro apparently come into action to influence 
the duration of drug enzyme combinations. If correlations between the 
duration of symptoms or pharmacological actions and enzyme inhibitions 
are sought it is necessary to show that the duration of inhibition 
correlates with the duration of symptoms, 


TRPP, During investigations on HETP we suspected that rapid 
hydrolysis took place to yield an active product and that this hydrolysis 
product had a potent cholinergic action, Several possible breakdown 
products were therefore obtained and tested for anticholinesterase active 
ity. Among them was tetruethyl pyrophosphate which proved toxic enough 
to be considered as the active nydrolysis product formed from HETP, 
Subsequent work has substantiated our initial deduction that TEPP is the’ 
active agent in HETP, 


Our work on this compound was carried out in a manner similar to — 
the studies with HETP. The compound was administered to animals and the 
symptoms were closely observed, the rapid onset of action was noted and 
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reversibility of the pharmacological effects was demonstrated. All of the 
tests on the intact animal were suggestive of a mechanism of action 
involving inhibition of cholinesterase with the consequent accumilation 

of acetyl choline, Tests on the effect of this compound on the choline- 
sterase activity of rat brain showed that the compound proguced 50% 
inhibition of cholinesterase at a final M conc, of 4 x 10°’ and was there- 
fore one of the most active cholinesterase inhibitors known. Assays were 
then performed on this enzyme on the tissues of poisoned animals and it 
was found that the cholinesterase activity of all tissues was markedly 
depressed after administration of lethal and sublethal doses, There was 

a correlation between the dose of TEPP and the extent of the inhibitory 
effect on various tissues. It was always observed that lethal doses 
produced more than 75% inhibition of the enzyme activity. The inhibitory 
effectwas reversible after sublethal doses in agreement with the reversi- 
bility of the symptoms produced by the compound, Insect cholinesterase 

was also markedly inhibited by the drug. Soon after these studies were 
made tetraethyl pyrophosphate came into use as an insecticide, It also 
proved useful as a substitute for neostigmine in the treatment of myas- 
thenia junction and thus relieves the muscular weakness which is apparently 
due to an insufficient quantity of acetyl choline, 


Shortly after the introduction of TEPP into use as an insecticide 
another organic phosphate, called parathion, was introduced into this 
country from Germany, With previous experience in studies on TEPP and 
related compounds it was possible to begin to associate pharmacological 
activity with chemical structure, By following the same general type of 
approach with this new compound we were able to demonstrate that it also 
was an extremely effective anticholinesterase agent in vitro and in the 
intact animal. In all respects parathion resembled TEPP, i.e., it 
gained access to and inhibited the cholinesterase activity of all tissues, 
produced typical cholinergic effects, was antagonized by atropine. There 
was one difference in that the effects of parathion persisted for a longer 
period of time than those produced by TEPP, This longer duration of 
action is probably related to the greater stability of this compound 
toward hydrolysis. From a practical standpoint this has resulted in a 
number of cases of poisoning from continued exposure. 


OMPA~-—-Our investigations as well as those of a number of others on 
a large number of alkyl phosphates have shown that all of the compounds in 
this group exhibit similar pharmacological properties, The particular 
alkyl group influences the degree of effectiveness but does not greatly 
alter the qualitative effects, Thus, all of the alkyl phosphates studied 
have been shown to exert a rather pronounced inhibitory action on the 
cholinesterase activity of brain tissue and substitution of one alkyl 
group by another alkyl or aryl group does not significantly decrease this 
action, The value of the alkyl phosphates as insecticides is not dimin- 
ished by this property but the central action of these compounds consti- 
tutes an undesirable effect insofar as therapeutic uses are concerned, 


We, therefore, continued investigations on the mechanism of action 
of organic phosphorus~containing compounds in an effort to find substances 
which lacked the central stimulatory effect of the alkyl substituted 
phosphates, We reasoned that in order to find such compounds among the 
organic phosphates the search should be directed toward substances which 
did not contain the alkyl or aryl phosphate linkage. In this connection 
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we undertook studies on octamethyl pyrophosphonamide, 


This compound was among the organic phosphate series which was pre- 
pared by Schradeer in Germany and it has recently attracted attention 
because of its unusual insecticidal properties, It differs from TEPP and 
many other alkyl phosphates in that it is stable in aqueous solutions and 
has been defined as a systemic plant insecticide because it is taken up 
by plants and retained by them for several weeks in a toxic form, 


A study of the toxicity and anticholinesterase action of this com- 
pound was undertaken to ascertain whether it exerted a cholinergic action 
in mammals, Injection of the compound into mammals showed that it pro- 
duces cholinergic actions in low doses, However, in vitro tests showed 
that this compound was ineffective as a cholinesterase inhibitor, On the 
basis of in vitro tests alone OMPA would have been eliminated from further 
consideration as a cholinesterase inhibitor. However, from observations 
on the symptoms and toxicity of the compound we suspected that it inhibited 
cholinesterase in vivo and therefore measured the cholinesterase activity 
of tissues taken from rats treated with lethal and sublethal doses, It 
was found that the cholinesterase activity of all peripheral tissues was 
markedly inhibited by OMPA, However, in contrast to all other phosphates 
previously studied there was no inhibition of brain cholinesterase, This 
pronounced difference between the action of OMPA on the cholinesterase — 
activity of brain and peripheral tissues can probably be attributed to 
inability of the drug to gain access to the CNS, The absence of an effect 
by OMPA on brain cholinesterase in vitro is consistent with the absence of 
symptoms referrable to stimulation of the central nervous system, Measure- 
ments of the duration of the inhibitory effect of OMPA on cholinesterase 
showed that the effect persisted for several days. 


During the course of investigations on OMPA several observations led 
us to suspect that the compound was converted by the tissues of anima’s 
into an active anticholinesterase agent. The weak action of OMPA in vitro 
in contrast to its inhibitory effect in vivo was evidence in support of 
this possibility, The delayed onset of action of OMPA which is uncommon . 
among cholinergic drugs also suggested that the compound undergoes an E- 
alteration in chemical structure before exerting its cholinergic effects. 
By incubating OMPA with liver slices we were able to demonstrate that it 
was converted to an active cholinesterase inhibitor. Slices of brain, 
kidney, and muscle were unable to carry out this conversion. 


The selective action of OMPA on peripheral cholinesterase, its sta- 
bility in aqueous solutions, and its relatively long duration of action _ 
are properties which have been desired for therapeutic application of the. 
organic phosphorus-containing compounds, It appeared that OMPA had the © 
properties which would make it desirable as a therapeutic agent, Clinical 
trials were therefore initiated with this compound at the University of 
Chicago by Dr, Rider and his associates, OMPA was administered as a 1% 
aqueous solution twice a day at intervals of approximately 12 hours.. 

The course of therapy was regulated by the clinical response and by the 
depressant effect of OMPA upon the serum and red cell cholinesterase, 
The results of these tests showed that myasthenia gravis patients who — 
respond to neostigmine can be treated with OMPA by administering two oral 
doses per day of from 9,5 to 18 mgm, of OMPA/dose, OMPA constitutes an | 
improved method of therapy for this disease because muscular strength is 
greater and is maintained more evenly than with neostigmine. In addition 
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the stability of OMPA in aqueous solutions presents an advantage over 
TEPP, 


The results of these investigations have shown the applicability of 
enzyme methods to the development of therapeutic agents. After an indie 
cation of the mechanism of action is obtained it is then possible to 
proceed with tests on variations in structure and activity. In addition 
it is possible to obtain information of practical value in connection with 
toxicological aspects of these agents, Perhaps these comments illustrate 
the objectives of drug action studies and some of the things which can be 
accomplished using this approach to the development of new drugs, 


Other such studies could have been used as examples of the fruitfule 
ness of this approach to pharmacology. Among these is the development of 
dithio mercaptol (BAL) by Peters. The usefulness of this agent for the 
treatment of mercury and arsenic poisoning came as a result of the tests 
performed by Peters on the action of lewisite on SH enzymes, 


Recent studies on Be poisoning have shown that this metal inhibits 
phosphatase activated by Ca and Mg and causes a serious disruption of the 
synthesis of phosphorus-containing compounds, 


The advancements in cellular biochemistry are extremely valuable in 
studying drug action and enables pharmacologists to give back useful 
information to biochemists in the way of specific inhibitors for blocking 
various reactions, In this connection the use of CN has exceeded all other 
inhibitors and it is a standard agent in determining whether organisms 
contain CN-sensitive enzyme systems, Be will be useful for blocking the 
action of certain phosphatases, 


Continued studies on the mechanism of action of drugs offers the 
possibility of gaining a precise understanding of the manner in which 
they act and in addition if the mechanism of a drug's action is under= 

stood, we will be better able to understand the basic defects in various 
diseases, 


The structure anc action of compounds was illustrated by slides, 
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VALUE OF BIOCHEMISTRY TO PHARMACOLOGY 


R. Cc. Corley 
Department of Chemistry, Purdue University 
West Lafayette, Indiana 


Pharmacology and biochemistry share a large area of science and 
are mutually complementary and helpful in other areas. One of the funda- 
mental fields of biochemistry is the elucidation of the chemical reactions 
that make up metabolism, These reactions are largely mediated by enzymes 
and systems of enzymes, Pharmacology throws light on and provides tools 
for studies of problems of metabolism, The objective of biochemical 
collaboration with pharmacology is to discover in metabolism critical 
sequences that chemical agents may modify by preventing, diverting, 
diminishing, or augmenting certain essential steps, 


Biochemical techniques are of constant application in the study of 
the extent and mode of action of drugs, Analyses of tissues, blood and 
urine and other fluids and intestinal contents are frequently necessary 
to answer questions concerning absorption and excretion of the drug and 
of induced chemical effects, Procedures for the manipulation and study 


of enzymes and tissue preparations, slices and homogenates, are of 
frequent use, 


Knowledge of metabolism has made possible already, and progress in 
understanding of biochemical phenomena will make increasingly possible, 
not only explanation of the action of many drugs, of the development of 
resistance to drugs, and of the fate of drugs in living tissue, but also 
predictions as to the effect of untried substances and consequently the 
design of new and improved drugs and the planned modification of the 
effects of drugs and toxic agents, 


The explanation for the mechanism of action of a drug is often to 
be found in its influence on one (or more) of the participants in the 
sequence of chemical reactions in metabolism, The drug may combine with 
the substance involved to give a derivative incapable of functioning 
normally, either because of changed reactivity or because a combining 
group necessary for further reaction is occupied, Reactions of iodo- 
acetate, mustard gas and lachrymators with the thiol group of certain 
enzymes exemplify the first type in which the extent of inhibition varies 
. with the amount of the drug. The interference of the sulfa drugs with 
the utilization of para-amino benzoic acid and folic acid, of dicoumarol 
with the vitamins K, and of pyrithiamine with thiamine are reasonably 
explained as examples of the second type. In accord with this view the 
relationships appear to be competitive, the extent of inhibition being 
related to the relative amounts of the inhibitor and of the metabolite 
or substrate, 


Explanation of drug resistance may be based on related concepts. 
There may be increased production of the essential metabolite or drug 
antagonist, as para aminobengoic acid in some microorganisms showing 
acquired resistance to sulfa drugs, There may be the development of non- 
sensitive alternative procedures for the synthesis or degradation of the 
essential material. Production of glycerol rather than ethanol in yeasts 
in the presence of sodium bisulfite is an analogous situation, There 
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might result an increased capacity for detoxication or chemical alter- 
ation in general. Information concerning the fate of drugs in the 
organisms is increasing and should be accelerated, the better to und :re 
stand these various problems, 


The design of new drugs by modification of known ones is facilitated 
by knowledge of the biochemical bases of the actions, The design of a 
drug to possess a new effect logically starts from a consideration of 
chemical reactions relating to the function, alteration of which is 
sought. Examples of these approaches are to be found in the production 
of antithyroid, antihistaminic and antimalarial drugs. The new rodenti- 
cide Warfarin inducing fatal. hemorrhage is patterned after dicoumarol, 

a competitive antagonist of vitamin K required for the production of 
prothrombin necessary for clotting of the blood, 


Viruses affecting plants have been shown to be or characteristically 
to contain nucleoproteins., As replication may be expected to involve 
synthesis of the constituents of nucleoproteins, interference in the syn- 
thesis of any of the necessary building units, such as the purincs, might 
interfere with spread of a virus infection. In accord with this view it 
has been reported that guanazolo, a triazolopyrimidine patterned efter 
guanine, decreased the incidence and severity of infection with a certain 
plant virus when applied to leaves of a susceptible plant or to the soil 
in which the latter was growing. Guanazolo had previously been reported 
to inhibit the growth of a plant tumor, 


Problems arise concerning the modification of the action of drugs and 
toxic agents, B. A. L., 1,2-dimercapto-propanol was designed to prevent 
or ameliorate the effects of vesicant drugs such as mustard gas, by dis- 
placing such drugs from combination with enzymes, as hexokinase. Aminop- 
terin a relative of folic acid has been suggested and used in the treat- 
ment of leucemia on the basis of possible interference with purine «nd 
pyrimidine metabolism and therefore with nucleoprotein metabolism which 

is more active during rapid tissue proliferation, The toxicity of 
aminopterin is a deterrent to its use but more recently it has been sug- 
gested that folinic acid given at the same time, may counteract general 
tissue toxicity as it may be the enzymatically active form or is closer 
to it than folic acid itself, The possibility of finding agents which 
under controlled conditions will selectively repress tumors and cancerous 
tissues while leaving other tissues relatively or entirely unaffected is 
a challenge to the investigator. The diabetogenic action of alloxan may 
be taken as analogous, 


Consideration relating to the reactions in metabolism may thus offer 
clues or provide guide posts for further work. As our knowledge is still 
fragmentary and will probably remain so for a long time, only careful . 
study of the actual response of living organisms, the province of pharma- 
cology and toxicology, will make possible therapeutic applications of 

newly conceived chemical agents. 


Biochemistry and pharmacology have had many valuable associations 
in the past and it may logically be anticipated that these sister sciences 
will continue to go forward in mutually profitable and happy collaboration. 
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TEACHING ENDOCRINOLOGY BY THE EXPERIMENTAL METHOD 


M, X. Zarrow 
Department of Biological Sciences 
Purdue University 
Lafayette, Indiana 


Introduction 


Endocrinology involves a study of the action of hormones; substances 
which are secreted by the glands of internal secretion and regulate the 
metabolic, functional, and morphogenetic activities of the organism, 
Classically endocrinology developed along with the study of anatomy and 
even today is taught in some of these departments. With increased know- 
ledge, came an awareness of the role of the hormones in the economy of 
the body and the paramount influence they exert on physiological events. 
As a result it was soon classified as a subdivision of physiology. 


However, it is apparent today that it would be most arbitrary to 
attempt to classify endocrinology under any of the major divisions of 
biology. Endocrinology has borrowed its techniques from physiology, 
pharmacology, biochemistry, organic chemistry, experimental embryology 
and many other allied fields and is briefly considered in the teaching of 
some of these courses. Such treatment is inadequate, Our knowledge of 
the hormones has grown to such an extent that it must be considered a 
discipline of its own, 


The failure to teach endocrinology as such can only lead to an 
improper understanding of the subject. Rapid strides have been made in 
the last two decades and if the endocrinologist were to study only the 
physiology of the hormones, the work that is being done on the synthesis 
and the degradation of the steroids might be overlooked, Many other 
examples are available but the major point to remember is that classifi- 
cations are arbitrary and can be dangerous if carried out too far. It is 
possible for the student to synthesize his basic knowledge of anatomy, 
histology, physiology, biochemistry and other fields in the study of 
endocrinology and not to take advantage of this would be poor pedagogy. 


That endocrinology has been taught poorly in the past can be seen 
from a statement from Goodman and Gilman in their book "The Pharma- 
cologic Basis of Therapeutics" published in 1940. They state..ceccocece 
“endocrine preparations are probably more often misused in therapy than 
any other group of drugs." How much more dangerous could that be today? 


The recent discoveries of Kendall, Hensch and collaborators at the 
Mayo Clinic with regard to the therapeutic value of compound E or corti- 
sone and the work of the chemists that have made both cortisone and 
adrenocorticotropin available for the physicians' armentarium have | 
increased the danger of misuse, Within recent years much publicity has 
been given to all scientific discoveries and developments, This desire 
to keep the public informed of new developments is toth commendable and 
dangerous, The danger lies in the fact that newspaper reports of 
scientific results are frequently garbled and never complete or adequate. 
This adds a further burden to the responsibilities of the professional 
man. For now it is his further duty to guide the public and kvep people 
informed as to the true merit of new therapeutic agents, 
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The Laboratory Course 


Houssay, Nobel Laureate in medicine states in his textbook, Human 
Physiology, in general and physiology in 
particular, can be taught properly only by intense practical and indi- 
vidual teaching, concccccccccccceccoce A book cannot be substituted for 
this kind of teaching; it can be no more than a useful guide." I would 
add to this that neither can the lecture substitute for the laboratory. 


Proper use of the laboratory in the teaching of any scientific 
subject can be of inestimable value to the student. This is indeed true 
of endocrinology. A discipline that has borrowed its techniques from so 
many areas offers a wide variety of experiments for the student. It is 
only by working in the laboratory with the hormones and with the animals 
and by doing the experiments that the student will learn what these sub- 
stances can do, how little is needed, what the side effects may be and the 
possible dangers involved in upsetting the fine balance present in the 
endocrine system, 


For example treatment with a drug or hormone to correct a certain 
dyscrasia might easily affect other parts of the endocrine system. Estro- 
genic treatment can in time block the secretion of FSH from the pituitary 
and lead to ovarian atrophy. Likewise treatment with thiouracil for 
hyperactivity of the thyroid may if continued long enough lead to atrophy 
of the adrenal gland. This latter action involves the pituitary gland 
and its failure to secrete normal amounts of ACTH under such a regime, 


The organization of a laboratory course in endocrinology involves 
primarily the need of an animal house and a laboratory for carrying out 
physiological and biochemical experiments. The size of the class will 
of necessity be limited by the space available for housing animals, 


In a one semester course we have found it necessary to supply the 
following number of animals for 12 students; 300 mice, 200 rats, 60 ham - : 
sters, 4 rabbits and 12 frogs. It is possible to use only rats if one so 
desired,or mice as the case may be, however there are certain advantages 
to using the different species, To attempt to illustrate the different 
pregnancy tests would require rats, mice, rabbits and frogs. Cockerels 
are preferable for the bioassay of androgens and mice are more sensitive 
than rats in demonstrating the action of estrogens on the vaginal mucosa 
or the effect of gonadotropins on the uterus of the immature animal, 


We have organized our laboratory course in endocrinology in two 
parts. One half the time is spent in routine class experiments that are 
performed by all students, The other half is spent on special problems 
which are assigned to a pair of students. There are frequent meetings in 
which round table discussions are held on the class experiments and the 
data obtained by the entire class is analyzed. Finally there is a special 
meeting held for the students to present their results on the individual 
problems and to answer questions from the other students, Thus the stu- 
dent not only benefits from his own work but also from the work of 
his classmates, The students work in pairs and are expected to spend 
9 hours on their laboratory work. One 3 hour session per week is devoted 
to the class experiments and one 3 hour period to their special problem. 
The other 3 hours is accounted for in the time necessary for them to make 
daily injections or carry out daily observations. 
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There are innumerable experiments available for laboratory exercises 
in endocrinology. It is possible to select certain experiments to demon- 
strate the activity of the principal hormones and certain outstanding 
techniques used in endocrinology. The experiments fall in one or both of 


the following categories; (1) surgical or operative techniques (2) action 
of hormones, 


It is essential that the students learn the techniques involved in 
surgically removing the various endocrine glands and observe the deficiency 
symptoms and the effect of replacement therapy. The rat or the mouse are 
excellent animals for experiments on the removal of the gonads, adrenal 
glands, thyroid or pituitary, The first three operative procedures can 
be carried out with ease and require in addition to the animals only a 
minimum of surgical instruments and equipment. Hypophysectomies can be 
done only with a dissecting microscope possessing a long focal length and 
special light which can be focused with the microscope, However, here 
again by using the large bull frog, Rana catesbiana, it is possible to 
carry out the operation without special equipment, 


It is routine for us to do several experiments involving the assay 
of hormones. These are excellent in that they not only demonstrate a 


bioassay procedure but also indicate certain of the physiological actions 
of the hormones, 


In a semester course we spend approximately 4 to 5 weeks on the sex 
steroids, 4 weeks on the adrenal and thyroid and the remaining time on 
the pituitary gland, pancreas, pregnancy tests, regulation of water bal- 
ance, hormonal factors in blood pressure, etc. The plan is to cover some | 
function of all the hormones, to familiarize the student with all the 
endocrine glands and the action and interrelationship of their secretory 
products, 


Possible Experiments for Use in the Laboratory and 
Procedures Available as Diagnostic Aids in the Clinic 


Within recent years a multiplicity of techniques have become available 
as aids in the diagnosis of endocrinolopathies, Most of these procedures 
lend them nicely to laboratory experiments for class use. Many are now 
used routinely in the larger clinics and hospitals; some are still in the 
developmental stage. These procedures are concerned primarily with (1) the 
assay of hormones i.e. the determination of the concentration of the hor- 
mone in the urine, blood or other tissues by chemical or biological means 
and (2) the anatomical, histological and biochemical effects produced by | 
the action or lack of action of the hormones, | 


Essentially the assay is, still the most common technique used, 
Chemical determinations have been carried out for urinary ketosteroids, 
estroids and corticoids, These suffer from the need of elaborate extrac- 
tion and purification and the lack of specificity in the reaction, Thus 
either the Kober reaction or the Zimmerman reaction involve a group of 
- steroids and not a single substance, 


Bioassays play an important role in endocrine diagnosis by virtue of 
the fact that the most sensitive tests are biological in nature. In this 
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category belong the well known pregnancy tests and others for the various 
steroids and protein hormones, Testing as they do only an activity, 
elaborate purification is not required, hence there is little loss from 
such procedures. However, in instances where more than one substance have 
the same qualitative type of activity the assay fails to distinguish the 
type of substances but only summates the activity. Alberthas listed the 
following requirements for a good bioassay. These are (1) specificity 

(2) objectivity (3) precision (4) convenience (5) sensitivity, It is 
quite obvious that we cannot secure all of these requirements for an assay, 
Usually one or more of the requirements are sacrificed for sensitivity. 
This is still the most important objective for any bioassay, For example 
the determination of progesterone levels in the blood by the Hooker-Forbes 
test has only one of the above requirements, i.e. sensitivity. By this 
method it has been shown that a maximum concentration of approximately 

12 pg. per ml, may be obtained. Using ultra vielet spectroscopy and large 
amounts of blood, Haskins obtained 15 ps por ml,, a fairly good agreement, 


The histological and anatomical changes are very important but it is 
not necessary to spend too much time on them here, Changes in the follicle 
cell height may be used as indication of thyroid activity, and similarly 
changes in the vaginal mucosa indicate estrogenic activity, Both of these 
phenomena have been incorporated into bioassays for the respective hor= 
mones, 


Many biochemical tests are now in common usage in the clinic and are 
available for laboratory experiments involving endocrine activity. A few 
may be listed such as the determinations for blood sugar, calcium, chlor- 
ides, as well as the classical glucose tolerance and oxalate tolerance 
tests, 


Pituitary Hormones 
corticot ACTH 


ACTH stimulates the adrenal cortex and promotes the secretion of the 
corticoid hormones that are concerned with gluconeogenesis, protein 
catabolism, salt and water regulation, It is accepted now that the end 

effects of ACTH are similar to those of the adrenal cortex in that the 
result of ACTH injection is by virtue of corticoid release aici the 
adrenal cortex, 


Within the past few years the importance of ACTH and hence the 
adrenal cortex in the physiology of the organism and in certain dyscrasias 
such as rheumatoid arthritis has become well. known, A number of investi- 
gators have shown that ACTH and cortisone have a therapeutic action in 
arthritis and other diseases of the mesenchyme, However, even prior to 
this Selye had formulated a hypothesis of hormonal action which led to 
his concept of the general adaptation syndrome. This is one of the first 
attempts to explain the interrelationship of the hormones and hormonal 
changes in the adaptation of the organism to its environment. Indeed, it 
is to be regarded as a milestone in the development of endocrinology. 

In this hypothesis the pituitary-adrenal cortical axis plays a major role 
and is used to explain the many changes both pathological and non=-path- . 
ological that result from continued exposure to stress, 


There are a number of methods for the assay of ACTH and these depend 
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upon (1) stimulation of the adrenal cortex resulting in increase of size 
of the gland, and (2) depletion of the ascorbic acid of the adrenal cortex, 
This latter has become the most commonly used procedure in view of its 
sensitivity and reliability, The test employs young, hypophysectomised 
rats and appears to be quite specific. One adrenal is removed prior to 
injection of the test material and the second adrenal is removed 1 hour 
after treatment. Except for the need of using hypophysectomized rats the 
test is not time consuming and can be completed in one day. The results 
are expressed as the difference between the concentrations of ascorbic acid 
in the adrenal gland of the animal before and after treatment and a dose 
response curve can be established. As yet, however, the technique is not 
sensitive enough for general use involving blood and urine, It may be 
necessary to obtain a more precise procedure or a method of concentrating 
the body fluids. However, it can be easily carried out by a class as a 
routine laboratory exercise, 


Within the last several years the eosinopenia test has been used with 
much success. The procedure is highly sensitive and it depends simply 
upon determining the loss of circulating eosinophils from the blood. It 
has the advantage of requiring but a few minutes to complete and can be 
easily performed by any technician trained in doing blood counts, The 
eosinopenia develops within 4 to 6 hours and is the result of the action 
of the ll-oxycorticoids. As such it can be used to determine whether 
functional damage lies within the adrenal gland or with the pituitary. 
This latter technique is beginning to assume permanent importance in 
diagnosis of diseases involving the pituitary-adrenal complex, 


Growth Hormone 


The growth hormone has been used to a certain extent but as yet is not 
available in large amounts, The assays are inadequate for clinical use, 
They depend upon the gain in weight produced in the rat, (2) the resump- 
tion of growth in hypophysectomized animals or (3) changes in the skeletal 
system such as increased in width of the non-calcified cartilage. This 
latter test is three times as sensitive as the body weight test and re- 
quires only one-fourth the time, 


Thyrotropin (TSH) 


The assays for TSH in blood and urine involve changes in the weight 
of the thyroid gland of the chick, Modifications employing cell height 
changes have been developed and found to be more sensitive, However, 
none of these have been sensitive enough for aries. use in the clinic. 

It is possible now that with the availability of I 1, more sensitive 
methods will be developed involving the uptake of this isotope, D'Angelo 
has recently used a test involving changes in the histology of the thyroid 
in young tadpoles, He has been able to detect TSH in the blood of differ- 
ent animals by this method, It is laborious and time consuming but opens 
the possibility for clinical use since it is highly sensitive, “i 


Prolactin 


Prolactin which is also known as luteotropin or LTH stimulates the 
crop sac of birds, lactation in mammals and appears to be responsible for 
the maintenance of the corpus luteum, At the present time, the only test 
of value with regard to sensitivity is that involving the crop sac. The 
material is injected into the crop sac and histological sections prepared, 
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Some efforts have been made recently by Segaloff and his group to modify 
this procedure for the determination of prolactin in the urine of women, 
The sensitivity still appears to be inadequate for clinical uses although 
he was able to show differences depending on the reproductive state of the 
women. 


Prolactin has also been used in rats and other experimental animals 
to induce pseudopregnancy and maintain deciduomata, Both of which are 
excellent laboratory exercises, 


F le St ti FSH Lut te) e 


Clinical tests for gonadotropins have been carried out for many 
years, The Asheim-Zondek and many other pregnancy tests are based pri- 
marily on increased amounts of chorionic gonadotropin found in the urine, 
These gonadotropins are of placental origin and not from the pituitary 
gland. For the present we shall restrict ourselves to the pituitary 
gonadotropins, These are FSH which acts on the follicle of the ovary and 
stimulates spermatogenesis in the testis, LH which brings about ovulation 
in the fomale and stimulates the interstitial cells of the testis and 
prolactin or LTH which was mentioned above, 


It is important to note that work has been done on the gonadotropin 
content of the urine but much care must be used in interpreting these 
results. The follicle stimulating hormone and the luteinizing hormone 
synergise in their action, Consequent]y the present bioassay technique for 
FSH is the result of the synergistic action of both FSH and LH and fails 
to differentiate the ratio of one to the other. However, valuable data — 
for diagnostic purposes can be obtained and by comparison with normal 
values aid in the ultimate diagnosis. 


In general the action of the pituitary gonadotropins are usually 
assayed in immature or hypophysectomized rats and mice as follows: by 
increase in ovarian weight, increase in uterine weight, premature opening 
of vagina, formation of corpora lutea, increase in weight of seminal 
vesicles, increase in weight of prostate, hyperemic of the ovaries, etc. 
The change in uterine weight of the mouse has been found to be sensitive 
and is used most commonly. It has been of value in ‘> determining 
whether hypogonadism in the male is the result of p\\uitary or gonadal 
failure and has similar uses in the female. In other words, a total 
increase in gonadotropin units indicates that the pituitary is secreting 
an excessive amount due to the failure of the gonad to secrete its hormone 
and thus regulate pituitary function in the manner of the feedback mech- 
anism, If the gonadotropins are decreased along with the gonadal steroids 
then the damage is probably in the pituitary gland. 


Pregnancy Tests 


There is now available a galaxy of different basic tests for preg- 
nancy, These may be listed as follows: the Ascheim-Zondek test employ- 
ing the mouse, the Friedman test employing the rabbit, the Xenopus test 
employing the South African frog, the hyperemia test using the immature 
rat and the test involving the release of sperm in the frog and toad. All 
of these appear to be highly sensitive and accurate and all involve the 
detection of chorionic gonadotropins, 
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Neurohypophyseal Principle 


The neurohypophysis secretes one or more active principles called the 
vasopressor, oxytocic and antidiuretic factors and influence blood pres- 
sure, uterine contractions and water balance respectively. Among the 
many tests that can be carried out for these substances arse the classical 
ones involving the increase in blood pressure, increase in uterine con-= 
traction and a water retention. In the latter instance Burn and others 
have devcloped very sensitive techniques which involve the administration 
of water by lavage and the retention of this water as a result of anti- 


diuretic hormone, This test has been used clinically with a certain amount 
of success, 


Thyroid Hormone 


Clinical tests of thyroid function consists of (1) basal metabolic 
rate, (2) protein bound iodine, (3) radioactive iodine, (4) blood choles- 
terol and (5) assay of calorigenic substances. The lattcr is based on 
the classical work of Gudernatsch and involves the appearance of limb buds 
in tadpoles, i.e. the metamorphosis of the frog. 


The Adrenal Hormones 


~ 


Tests for adrenocortical activity are numerous and involve many of 
those that have been mentioned for ACTH including tests peculiar to the 
adrenal itself. Determinations for 17-ketosteroids in the urine are 
routinely carried out for adrenal activity, In the female the source of 
this material is from the adrenal gland whereas in the male it arises from 
both the testes and the adrenal and consequently can also be used for 
gonadal function, A number of variations of the original Zimmerman re- 
action have been employed and have given about equal results. The deter- 
minations are made by fractional separation of the urine and development 
of a color with metadinitrobenzene, Marked changes in the excretion of 
the 17 ketosteroids may be noted in patients with dyscrasias involving the 
adrenal cortex or testis. In Addison's and Simmond's disease the keto- 
steroids are reduced and may even be totally lacking in the female. Mas- 
culinizing syndromes involving the adrenal gland may cause a rise in the 
24, hour output of the ketosteroids from.a normal of 12-20 to as much as 
several hundred milligrams, 


The 17-ketosteroids probably depends upon an androgenic producing 
effect of the adrenal cortex, However, one of the most important class of 
steroids produced by the adrenal glands is a group of substances referred 
to as the ll-oxycorticoids, These are the substances that are concerned 
with carbohydrate and protein metabolism, This group of substances which 
includes cortisone has an action on the glycogen content of the liver, 
Venning has devised as assay involving the glycogenic action of the corti- 
coids on the liver in adrenalectomized mice. This assay has been found | 
to be sensitive and although laborious has been used with quite some suc- 
cess in the clinic in determining hormone concentrations in the urine. 


Several chemical methods have been developed for the determination of 
ll-oxycorticoids, None of them are particularly specific and vary greatly 
from the bioassay procedures, These chemical methods are based on the 
liberation of formaldehyde from urinary extracts by periodic acid or by 
measuring the reducing action of steroids using a suitable copper reagent 
or phosphomolybdic acid. The first method probably measures both glyco- 
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genic and non-glycogenic steroids, 


It should also be pointed out that the eosinopenia test is extremely 
sensitive and can be used for the determination of ll-oxycorticoids, 
Adrenalectomized animals are extremely sensitive to small amounts of this 
hormone, Finally the maintenance of life in adrenalectomized rats has 
been used but requires large amounts of hormone, 


Gonadal function in the male is based upon tests which determine the 
17 ketosteroids or urinary androgens possessing biological activity, 
The comb growth test in cockerels is still the most sensitive bioassay for 
androgens, Direct application of an ethyl alcohol extraction of urine to 
the comb of a young cockerel will detect as little as 20 pg. equivalent 


of testosterone. However, the test still seems to be inadequate for blood 
determination, 


Ovarian activity is determined by tests for the estrogenic or the pro= 
gestational hormones, The classical tests for estrogens involving vaginal 
smears of castrated mice or rats is still one of the best assays. As 
could be expected many assays for estrogen have been published, All of 
them are concerned with one of the physiological actions of hormone, such 
as increase in uterine weight or water as well as many others, A color- 
imetric test has been described by Kober and many modifications have been 
subsequently published but as yet it is difficult to evaluate the chemical 


tests in that they lack specificity and do not correlate well with the 
bioassays, 


Until 1946 the major assay for progesterone activity was based upon 
progestational reaction of the uterus of rabbits, It has never been 
found as such in the urine though many investigators have noted the 
presence of pregnanediol which is believed to be a degradation product of 
progesterone. A number of extremely satisfactory procedures have been 
developed for chemically determining pregnanediol in the urine and these 
have been used routinely in some clinics, Recently, however, Hooker-Forhes 
have discovered that progesterone produces certain changes in the cells of 
uterine stroma of a castrated mouse, These changes were found by the 
investigators to be highly specific for progesterone and although the test 
is laborious its sensitivity is such as to make it applicable for blood. 
This procedure detects amounts of progesterone as small as 0,0002 pg. The 
procedure is being used now to determine levels in the blood during normal 
menstrual cycles and during pregnancy. It has been shown recently that the 
hormone is present in the proliferative phase of the menstrual cycle indi- 
cating that progesterone may be secreted from some source other than the 
corpus luteum, 


A number of tests and bioassays have been briefly described though 
no attempt was made to be all inclusive. It should be indicated in 
conclusion that all these procedures can be used for laboratory exercises 
and add much to the practical and theoretical value of such a course. 
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THE ACTIVITIES OF THE DIVISION OF PHARMACOLOGY 
OF THE UNITED STATES FOOD AND DRUG ADMINISTRATION 


Bert Je Vos, M. OD. 
Division of Pharmacology, Food and Drug sanbiabeeiii 
Federal Security Agency, Washington, D. C,. 


The Food and Drug Administration is a part of the Federal Security 
Agency. Its main function is the enforcement of the Federal Food, Drug, 
and Cosmetic Act, which prohibits interstate commerce in adulterated or 
misbranded foods, drugs and cosmetics. In addition, it enforces the 
Caustic Poison Act, the Tea Importation Act, the Filled Milk Act, and the 
Import Milk Act. The Harrison Narcotic Act, on the other hand, is enfor- 
ced by the Treasury Department, while sera, vaccines and arsphenamines 
are manufactured under license from the National Institutes of Health, 


The Division of Pharmacology is one of the eight scientific divisions 
of the Food and Drug Administration. The others are the Divisions of 
Antibiotics, Cosmetics, Food, Medicine, Microbiology, Nutrition, and 
Pharmaceutical Chemistry. 


Our division has a staff of 55. Of these, 25 have scientific 
training; the remainder consist of animal caretakers, laboratory assist- 
ants and the secretarial force, 


In this talk I will cover chiefly the work of the Division of 
Pharmacology in the control of drugs, but there are two points which 
should be made clear at the outset: First, that a large share of the 
drugs are examined not in the Division of Pharmacology but rather in the 
chemical laboratories of ovr 16 districts which are distributed through- 
out the country, Only those drugs which have to be tested on animis 
come to us in Washington, Secondly, that the control of drugs is only 
a part of the work of the Division of Pharmacology. We also test foods 
and cosmetics. As a matter of fact, the study of the toxicology of food 
additives, which include such things as preservatives, antioxidants, 
emulsifiers, synthetic sweetening agents, agricultural insecticide resi- 
dues, etc., is one of our more time-consuming activities, We are par- 
ticularly concerned with the possibility of the long-term effects from 
very small amounts in the diet and consequently our tests frequently 
run as long as 2 years in rats and even 4 or 5 years in dogs, 


The bulk of our drug control work is done under what we call the 
project schedule, At the close of each year the results of the preceding 
12 months are reviewed and after taking any new developments into con- 
sideration a program for each bioassay drug is mapped out for the coming 
year. Each of the 16 geographic districts is assigned a quota of samples 
for collection which is proportioned to the number of manufacturers of 
that particular drug located in the district, The collection of these 
samples is timed to provide steady flow of samples to our laboratory, 
Sufficient leeway is provided in this sehedule to permit the examination 
of additional samples which arise as a result of "consumer complaints", 


and to follow up new violations which are uncovered as the year progresses, 


Since drugs ordinarily come under the jurisdiction of the Food and Drug 
Administration only if they have been in interstate commerce or are 
offered for shipment in interstate commerce, it is necessary for our 
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inspectors to locate samples which have crossed state lines and to get 
documentary proof that such a crossing occurred. When such a sample is 
located the inspector purchases it, or as much of it as is needed for 


assay purposes, from the consignee, and sends it under seal to our labo~ 
ratory. 


The tests conducted on a project basis in our division include bio= 
assays to determine the potency of such drugs as epinephrine, posterior 
pituitary, digitalis, and chorionic gonadotropin, and the examination of 
parenteral solutions for the presence of pyrogens, In these tests we 
follow the methods described in the U, S. Pharmacopoeia and the National 
Formulary, or in the case of an unofficial drug such as chorionic gonad- 
otropin we follow the most generally recognized methods. If a sample upon 
assay does not meet the standards of the official compendium, or in the 
case of an unofficial product, fails to meet the potency declaration set 
forth on its own label, the analyst first of all repeats his assay. If he 
checks his own result the sample is turned over to a check-analyst who 
performs his assay without knowledge of the first analyst's results. In 
some instances this checking process is carried even further and we submit 


the sample to an analyst outside of the Food and Drug Administration, Only 


after we are completely satisfied with the accuracy of the results is legal 
action undertaken, 


Insulin differs from the other drugs handled in our division in that 
every batch is tested by us before it is distributed by the manufacturer, 
In some cases our tests include a complete bioassay. In other cases we 
review the bioassay data submitted to us but check the chemical analyses 
in our own laboratory, The Division of Antibiotics maintains a similar 
certification service for certain of the antibiotic drugs, 


A second type of drug sample which comes to us for analysis is the 
so-called consumer complaint sample. These form a very valuable addition 
to the spot-checking which is done under our project schedule, and I would 
like to impress on each of you the importance of referring to the Food and 
Drug Administration any drug product which is suspected of adulteration, 

As might be expected, the consumer complaints cover a wide range. The 
following may be cited as typical: An estrogenic preparation which the 
purchaser suspected of being subpotent because it had been offered con- 
siderably below market price, A batch of 10% calcium gluconate solution 
which produced fever when injected. A local anesthetic solution which 
gave stinging followed by sloughing at the injection site. A children's 
laxative which produced vomiting. A worm medicine for hogs the use of 
which was associated with fatalities. In each case our first problem is 
to determine whether the drug is at fault. Sometimes this can be decided 
by trying it on animals, More often the reaction complained of bears 
enough resemblance to the known side effects of the drug that the problem 
can be resolved only by taking the suspected material and comparing it 

in animals with an authentic sample of the same drug. Once it has been 
established that the suspected drug is at fault the problem broadens out, 
An attempt is made to identify the offending contaminant, Additional 
samples of the firm's product are collected to determine what lot numbers 
are involved, Our inspectors visit the factory and try to find out how the 
mistake occurred, If a serious health problem is involved, the firm is 
urged to recall the offending material from the market, If necessary, 
outstanding stocks of the drug are seized. At a later date the manufactur- 
er is given an opportunity at a hearing to explain why he thinks he or his 


| 

| 

| 
| 


oF esate boeeoto evar dotdw eofomse ateool of 
ef eiqmae a dowe medW Sarit Vissnomys 
10% bebsen ef es Yo dowm en to ti ods 

-Odal two of [ase ashy +f ebnee brs oor moo eli morl 


sbulont moftetvib we ai eleed betoubnoo 
to nottentmexe old brie Obmotroro bra .etladinib vist! 
ow eteed To sconees yd ef ot 
baa et tecqooamrad? al bediroeeh fgom art wo! 
~batog olmoitodo ea dove awtb tom: me to ors: if af lo 
moqu eiqmsee if besingoset wolfot ow 
ni 10 ,swibmegmoo odd Yo ei? teem foi 


$ee nolisisioebh yonetog ed? of alist aa 
om sid [fe to tetti taylene oft .Lodaf. nwo efi 
s of tovo at efamee oft I 9 
mal .edtiveet efteyfans tetl? oft Yo eabolword i 


Simive ow bie neve beitiso si an stan 
has bool sid to obietwo as 


Sed? at notetvib wo nt befbner enuytb ont ath 
eft wi betudinieib et ew yd si dos 
ew nI sisfamoo 5s shulfon! ao 
seeyiens off? Hoods Jud ew of bots boty ab yeeas 
anistiniam to noletvid .wrotetodel owo 


ef eleylens tot ew of doldw ofomse auth to be 
moisibbs yrev mict .ofames ¢nivlamos 
biuow I bas ,eluberios tosiow two ef anbicudo-tox 
fas bool eft of anititste: to oft 


to betoscave et dotdw uhowg : tante in imbs 
eff .egnst oblw tevoo edntalqmoo od 


“109 betetto aved beri cone Sed anted to hotosqara 1 dot 
nofiuloe = mi~olao to dotad wolsed vidsetst 
e*netblitio A- ,edts ont patdawole wd bewolfo? an banis: 
Yo sew edd egod wt arrow .anttimey beowbow J 
moidow oes doso mal détw w dotrtw 
bebioeb ed aso eomitemot .tiust ef aun onterr 
etaed to motto otc salamins mo aniyve? 
ed felt. guth oft to obie ot of 
$f bane. Leitetan off vd vine bevios mao 


Lanolsibbs. .inanimetnos eft viltmobt of obem gamesé. 
etedmm gol of sts ods % 


end worl duo of base yiotozs? ed? tkhetv sito: cent 

eid to of of of 


as movin al 


3. 
firm should not be prosecuted, 


The research activities of our division are extensive and varied, 
Their object is to develop information which will help us in enforcing 
the Food, Drug, and Cosmetic Act. In the drug field our research is 
directed toward developing new bioassay techniques, or improving old 
ones, and where possible working out chemical methods to replace the 
biological ones, From this last you might imagine that our bioassayists 
were trying to work themselves out of a job. So far the appearance of 
new drugs requiring bioassay has kept pace with those for which bioassay 
is no longer needed, We also study the rate of deterioration of drugs 
under various storage conditions, The importance of this type of infor- 
mation to us is that when our assays show low potency in a sample we have 
to be able to establish that it was subpotent at the time it was shipped 
by the manufacturer, 


Another phase of our research activity consists in studying the 
pharmacodynamics and toxic side reactions of new drugs, It is, of course, 
the responsibility of the manufacturer to supply such information when 

he files a New Drug Application, but occasionally there are eames 
which make it necessary for us to develop such data ourselves, 


There are several less direct but nonetheless important ways in ) 
which we control drugs. One of these is in reviewing the pharmacological ) 
data in the New Drug Applications which are submitted to the Division of 
Medicine before a new drug is put on the market. Another is the advice 
which we give either by correspondence or at interviews regarding the 
safety of proposed drug products and the type of tests which we regard as 
essential for establishing their safety, 


In closing, I should like to mention two publications which will 
assist you in following the activities of the Food and Drug Administra-~ 
tion, One of these is the Annual Report of the Food and Drug Adminis- 
tration which is reprinted from the Annual Report of the Federal Security 
Agency and obtainable from the U. S, Government Printing Office at nominal 
cost, The other is the Notices of Judgment which contain a record of our 
court actions which have terminated. These are obtainable upon request 
from the Food and Drug Administration, The results of our research work 
are, of course, published in the regular scientific journals when of suf- 

ficient general interest, 
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SCREENING PROGRAM IN INDUSTRY 


K, K. Chen 
Eli Lilly and Company, Indianapolis, Indiana 


in Pharmaceutical Industry 


1. Reasons 

2. Principles 

3. Step-by-step development 
4. Screening program 


Choice of Methods 

Specificity 

2. Speed 

36 Economy 

4. Indirect approaches 


Toxicity 

1. Lethal dose by a single application 
2. Prolonged administration 

3. Pathological studies 


Cc 

1. Precise mechanism of action 

2. Blood concentration and tissue distribution 
3. Elimination 

4. Unexpected observations 


Clinical Investigation 

1, Human pharmacology 
Determination of a safe dose 
Efficacy 
Side reactions 


Uses of Results 
Submission to Food and Drug Administration 
Submission to Council on Pharmacy and Chemistry, A.M.A. 
Patent applications 
House literature 
Report to scientific bodies 
Publication in reputable journals 


Building of Personnel 
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Cortisone and ACTH-like Drugs 


Robert C, Anderson and K, K, Chen 
Eli Lilly and Company 


I. 


Introduction 


A. Etiology of Rheumatoid Arthritis 
1. Production in Experimental Animals 


B, The Pituitary~adrenocortical System 
II, Methods for ACTH Assay 


A. Adrenal Ascorbic Acid Depletion 
1. Method 
2. Munson Modification 


B, Other Measures of Adrenal Response 
1. Maintenance 
26 Repair 


III, Tests for Cortisone-like Activity 


A. Work Test - Ingle 


B, Growth Test Grollman 


C. Effect on Hematopoietic System 
1. Eosinophils Speirs 


2. Lymphocytes - Dougherty 
Gluco-corticoid Activity by Liver Glycogen Deposition 


1, Rats Reinecke 
2. Mice ~ Venning 


Experimental Production of Arthritis 
1. Polyarthritis ~- L Pleuropneumonia - Kuzell 
2. Joint Arthritis - Selye 


Effect on Cell Permeability 
1. Clearance of Dye from Joint - Seifter 
2. India Ink Diffusion - Opsahl 


G. Effect on Tissue Repair 
1. Wound Healing — Ragan 
2. Proliferation of Fibroblasts = Baker 
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Clinical Testing 
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Adrenergic-Blocking Agents 


F, G. Henderson and K, K. Chen 
Eli Lilly and Company 


I. Introduction 
A. Definition of an "adrenergic-blocking agent" (1) 
B, Types of compounds which produce adrenergic-blockade 
1. Ergot alkaloids (2) 
a. Ergotamine 
b. Ergotoxine 
2. Benzodioxanes (4) 
3. Imidazolines (3) 
4, Yohimbine 
5, B-Haloalkylamines (5) 


II, Screening Procedures 
A. Alteration of the pressor response to epinephrine 
in the anesthetized cat 
B. Intravenous toxicity in-albino mice 
C. Oral toxicity in rats 
D. Subacute toxicity in rats 


Other Pharmacologic Studies 
A. Effectiveness of blockade against massive doses of epinephrine 
B, Action against other pharmacologic effects of epinephrine 

1. Relaxation of the non-pregnant cat uterus 

2. Inhibition of intestinal motility 
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C. Blockade of sympathetic nerve stimulation 6. 


1. Pressor response to splanchnic nerve stimulation 
2. Retraction of cat nictitating membrane following 
stimulation of postganglionic sympathetic fibers 


IV. Preliminary Clinical Testing 
A. Dose selection 
B, Observation for side-effects, such as nausea, vomiting, etc. 
C. Alteration of pressor response to epinephrine 
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Antihistaminic and Antispasmodic Screening 


Henry M, Lee and K, K. Chen 
Eli Lilly and Company 


Antihistaminic tests 


1. Isolated guinea pig ileal segment 
a. Apparatus 
b. Procedure 


c, Example 


2. Guinea pig aerosol 
a. Apparatus 
b, Procedure 
c, Example 


3. Additional tests 
a. Blood pressure respiration anesthetized animal 
b. Anaphylactic shock protection 


c. Whealing reaction 
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Antispasmodic tests 
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1. Isolated guinea pig ileal segment 
2. Thiry fistula dog 

Ae Example 
3. Additional tests 

a, Salivary secretions 

b. Vagal inhibitory 

c. Hunger contraction 
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Screening Analgesics 


E. Brown Robbins and K, K. Chen 
Eli Lilly and Company 


Magnitude of the Analgesic Screening Program 
A, Interest in potent synthetic compounds 
B. Interest in non-narcotic mild analgesics of codeine potency 


Requirements of Testing Methods 
A. Practical for large number of tests 
B. Sensitive 


1. Between different drugs 
2. Between different doses of same drug 
3. Reveal so-called mild type of analgesia 
C. Meaningful 
1. Metabolism in experimental animal similar to man's 
2. Results parallel subsequent clinical findings 


Methods Available 


A, Mechanical - vonFrey hairs (1) - Haffner tail pinch (2) 
B, Chemical - little used ~- 0.2 cc. of 1% silver nitrate into 
ankle joint (3) 


C. Electrical - tooth pulp (4, 5) 
D, Thermal ~ most widely used 
1. Hardy-Wolff-Goodell (6) 
2. D'Amour-Smith (7) 
3. Woolfe-Macdonald (8) 
E. Pharmacological or Physiological 
1. Ischemic muscle (9, 10) 
2. Visceral pain (11) 


Our Choice of Screening Methods 
A, Rat tail heat - similar to that of Davies (12) 
1. Satisfies requirements of speed and sensitivity 
B, Hardy-Wolff-Goodell (13) 
1. Human - training - conservative dosage - blind medication 


2. Dog = reliability of end point (14) - metabolism may be 
misleading 


Addiction Studies 
A. USPHS Hospital - Lexington, Ky. 
B, Drs, Vogel, Isbell, Wikler and Eddy 


Conclusion 
A. Criticism of cutaneous pain methods 
B, Final answer always from clinical results 
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STATISTICAL ANALYSIS OF BIOLOGICAL DATA 


A, C. Bratton, Jr. 
Pharmacology Dept., Parke, Davis & Co. 
Detroit, Michigan 


I scarcely need to mention the fact that no two animals in a cage of 
several hundred are alike in every respect, The pharmacologist continually 
strives to determine the quantitative effects of substances on entire 
animals, bits of tissue, or even single cells. How many individual units 
should he study in order to make a reasonable estimate of the mean response 
of the population of units from which his sample was drawn? Statistical 
methods provide an intelligent answer in many cases, and many scientific 
journals require authors submitting papers to analyze their data by such 
procedures, The problem is not confined to the biological sciences. We 
are often inclined to think of an analytical balance or a cathetometer as 
instruments of high reliability, and yet repetitive weighing of a fixed 
mass or measurement of a fixed length results in a scatter of observations 
around a mean value, It appears that our friends in chemistry or physics 
are also bothered by the problem of variability! 


The animals to be used in a quantitative experiment or assay may have 
already been selected at the outset by certain criteria, such as species, 
strain, sex, age, or weight, The final division of the animals into test 
groups to receive various treatments must be done by a method designed to 
randomize the individuals among the test groups. The assignment of a 
numbered card to each animal and the drawing of these cards from a shuffled 
deck is a convenient method of accomplishing this. It goes without saying 
that throughout the conduct of the ideal experiment, all but one indepen- 
dent variable must be held constant. The order of administration of 
treatments may also be profitably randomized, in order to avoid the biasing 
effect of drifts of manual or technical skills during the administration. 
An excellent discussion of some of the unique problems of designing sta- 
tistically sound human experiments, many of which are common to animal 
experiments in general, may be found in the very readable "Principles of 
Medical Statistics", by Bradford Hill, 


Confession is good for the soul, and I would like to confess at the 
outset that I am not a statistician, but only a rather naive user of some 
of the simpler applications of biometry to pharmacological datas Time 
permits only brief mention of some of the more useful elementary methods, 
with a few references to sources where more detailed information on these 
and more refined procedures may be found. The illustrations chosen in- 
volve samples of twenty or more observations; quite frequently in the lab- 
oratory there are fewer observations, and correction factors must be 
applied to the standard statistical formulae to deal adequately with these 
small numbers. The complexities of these small-number problems lie beyond 
the scope of this discussion, 


We are all familiar with the type of experiment where some single 
measurement is made on each individual in a sample taken from a large 
group, or population. Figure I illustrates the values of systolic blood 
pressure taken on 20 individuals. No doubt these individuals may have had 
some properties in common: they may have represented a certain age group, 
or a given sex, or a common racial origin. For our purposes, these other 
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possible properties are not under scrutiny, Our present problem is to 
gain some idea of a larger population with respect to systolic blood 
pressure from the data collected on this sample of 20 individuals. There 
is no need to dwell on the usefulness of the mean, or arithmetic average, 
of the observed values as a convenient descriptive unit, What can be done 
to describe in accurate terms the scatter of the observations around the 
mean? The Standard Deviation, usually represented by the Greek letter 
sigma, is a statistical means of accomplishing this. The deviation from 
the mean of each observation is squared, and the sum of squares of these 
deviations is totaled. In the formula, N refers to the number of items 

in the sample, and the term, Nel, is referred to as the "degrees of free- 
dom", Knowing the total, N-l items making up the sum must be calculated 
separately, but the final single item may be obtained by difference. For 
our series, the standard deviation is 13.9, It will be seen that the 
standard deviation places greater emphasis on extremes from the mean than 
on values which lie close to the mean, 


FIGURE II 


Let us arrange our 20 observations on blood pressure in the ferm of 
what is called a frequency distribution, as shown in Fig. 2. We first 
group the observations into classes, in this case pressures of 5 millie 
meters, When the number of observations falling in each 5 millimeter 
range is plotted as shown, the frequencies rise to a maximum around the 
mean, and then decline. This type of plot is called an histogram. Had 
our sample contained a very large number of individuals, the histogram 
would become much more regular in contour, and would eventually present a 
bell-shaped outline. When the curve is symmetrical about the mean, it is 
spoken of as a normal frequency distribution curve, At least six other 
types of distribution curves have been described, which differ from the 
normal curve in that they are not symmetrical about the mean. The methods 
of handling data have been much better worked out for the normal distri- 
bution than for other varieties, so it is always the hope of the worker 
using statistical methods that his data fit a normal curve, or can be 
transformed to a normal curve by some simple means, If we lay off one 
standard deviation from either side of the mean, as is shown, the area of 
this portion of the distribution corresponds to 68.3% of the total area; 
the area enclosed by two standard deviations on either side of the mean 
is 95.5%, and that by three standard deviations on either side 99.7% of 
the area, Thus, if the items in our sample are normally distributed, 
roughly two-thirds of them should fall within one standard deviation of 
the mean, and roughly 95% within two standard deviations on either side 
of the mean, -Practically all of the values fall within a distance of 
three standard deviations on either side of the mean, It is obvious that 
the standard deviation is a very useful measure of the scatter of obser= 
vations in a set of data. The total range of observation is about six 
times the standard deviation. -Methods are available for plotting the 
theoretical normal distribution curve of a set of data, as has been done 
in the figure, and by means of Karl Pearson's chi square test,the goodness 
of fit of the observed data to the theoretical curve may be determined, — 


Suppose another group of 20 individuals from another population is 
measured as before. Does this sample differ significantly from the first 
sample? To answer the question, the mean and standard deviation are 
calculated as before. The standard error of the difference of the mean 
is calculated as indicated in Fig. 3. If the difference in two means is 
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twice the standard error of the differences of the means, the observed 
means could have been seen in samples from the same population in about 
5 out of 100 trials. In biological work, it is common practice to cone 
sider odds of 5 in 100, or a probability of .05, to be the borderline 
between unlikely and likely events. If the difference in means is three 
times the standard error of the difference, the odds are about 3 in 1000 
that the means could have been observed in samples from the same popula- 
tion, which is a highly unlikely event. In this case, our difference is 
even greater than 3 times the standard error of difference of the means, 


so we conclude that our samples really were taken from different popula- 
tions, 


The 'student "t" test' is frequently used to determine if two samples 
or more properly, the populations from which they were drawn, differ sig- 
nificantly from one another. In Fig. 4 are two series of litter-mate 
rats fed four weeks, with the terminal weight gains listed, The differ- 
ence of each pair of items in the two columns is determined, and the 
mean, standard deviation, and standard error of the mean are calculated, 
The term, "t", is defined by the mathematical formula; M is the true mean 
of the differences. Assume for a moment the hypothesis that there is no 
difference in the two populations represented by the two groups. M 
becomes 0, and "t" equals 2,70, Most statistical texts contain a table 
listing "t" values for various degrees of freedom and various levels of 
significance, The observed value of "t" indicates that the hypothesis 
would be true fewer than five times out of 100, and hence the hypothesis 
is false. Therefore, there is a significant difference between the two 
groups, 


A very useful test of significance of attribute data is the chi 
square test. In Fig. 5 are tabulated the numbers of live births seen in 
each 3-hour period, Does this distribution differ significantly from one 
that might have occurred by chance? In a chance or random distribution, 
the expected values of the entries would tend to be equal. We set up the 
hypothesis that the observed and expected population do not differ sig- 
nificantly, and prove whether the assumption is true or false. The 
expected value is subtracted from the observed and squared, and the 
squares divided by the expected value, Chi square is the sum of these 
quotients, Tables are available in standard texts relating chi square, 
probability, and n, the degrees of freedom, In this example, the prob- 
ability of our hypothesis being true is extremely remote, so the observed 
distribution could not have been expected to happen by chance. This 
allows the experimenter to seek some other explanation, presumably bio- 
logical in character, for the observed distribution, 


An extremely useful application of the chi square test is the four— 
fold table, which is one containing four entries, In the example shown, 
in Fig. 6, two groups of 50 mice have been inoculated with a microorganism, 
and one group of 50 has been subjected to some type of treatment, the 
problem being to decide whether the treatment favorably influenced the 
survival rate of the mice. For perfect correlation of treatment with 
survival, all items would be clustered into two of the opposite corners 
of the "box", In the case of no correlation, each of the four corners of 
the "box" would have an equal number of items, Again, we set up the 
hypothesis that the observed results could have occurred by chance and 
test its validity, The probability of validity of the hypothesis is 0,2 
to 0.3, which means it would be true in 20 to 30% of the trials, We mst 
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conclude that the hypothesis is true in this case, and that our treatment 
has not significantly protected the mice, 


The two main types of responses involved in bioassays are the graded 
response, in which each animal is separately measured for some property 
(such as blood glucose or blood calcium levels), and the all-or-none or 
quantal response, in which an animal is classed simply as a reactor or 
non-reactor, Let us first consider the quantal response. 


When the percentages of death among animals in groups injected with 
successively large doses of a toxic drug are plotted, a curve somewhat 
like a parabola results, On plotting percentage response against log 
dose, a sigmoid curve usually results. Gaddum found that when percentage 
response was transformed to "normal equivalent deviation units", and the 
transforms plotted against log dose, a straight line resulted. Later, 
Bliss replaced normal equivalent deviation units by a more convenient 
unit, the probit, which is now widely used, Subsequently, other types 
of transforms have been suggested, but these lie beyond the scope of this 
discussion, Data are easier to analyze by statistical methods when they 
can be represented by the equation of a straight line, The dose-response 
curve is most stable around the point of 50% response (probit value 5), 
hence the widespread acceptance and use of such terms as LDso and EDs. 
In a bioassay, one compares the effects of an unknown and a standard 
treatment in groups of animals drawn from the same population, If the 
qualitative effects of the two treatments or substances are the same, 

the log-probit regression lines should be parallel, and a relative esti- 
mate of potency is made by comparing the ED,., dose of the unknown with 
the ED,-, dose of the standard, An estimate’ of error, that is, the confi- 
dence ts of the potency ratio, should always be provided in a bio- 
assay. A convenient graphical solution of this type of problem was pro- 
posed by Litchfield and Fertig; Bulletin of the Johns Hopkins Hospital, 
Vol. 69, page 276 (1941). Later, Litchfield and Wilcoxon; Journal of 
Pharmacology and Experimental Therapeutics, Vol, 96, page 99 (1949) 
adapted the original method to one using monograms to further simplify 
the computations involved, and also added a means of fitting the best 
regression line to the data by the method of least squares, Certain 
restrictions are imposed on the spacing of doses in order to simplify 
calculation, 


The use of the original method of Litchfield and Fertig is illus- 
trated in Fig, 7 with a bioassay of digitalis by the frog method. Fifteen 
frogs were used for each of the three doses of unknown and of standard. 
The three ascending doses of unknown killed 2 out of 15, 5 out of 15, and 
10 out of 15, respectively, and the three ascending doses of standard 
killed 2 out of 15, 5 out of 15, and 8 out of 15, respectively. These 
responses are first converted to percentage response, which in turn are 
converted to probit units froma table. Dotted regression lines are first 
drawn for unknown and standard, fitting these lines by eye to the plotted 
points, If the unknow and standard differ qualitatively in pharmaco- 
logical properties, the slopes of the regression lines are usually sig- 
nificantly different, In this case, where we are comparing a standard 
with an unknown of the same properties, it is justifiable to assume the 
slopes of the two curves are identical, However, a mathematical method is 
‘available to test this point if desired, In the present case, it can be 
shown that the slopes are not significantly different. Let us deliberately 
re-draw the two regression lines with the same slope, for there is a sta~ 
tistical advantage in so doing. The points where the regression lines 
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cross the probit 5 mark are the log EDe, values, The slope of the re- 
gression line is determined by laying 2P¢ a triangle with the regression 
line as hypotenuse, and determining the ratio of opposite over adjacent 
sides of this triangle. The standard deviation of a unit observation is 
the reciprocal of the slope, The standard error of the slope is calcu- 
lated as shown. The log EDsp is analogous to the mean in the usual sta- 
tistical formila. The standard error of the log ED 1, and the standard 
error of the difference of the log EDso1, are calculated. Since the means 
are logarithms, the difference of the means is the log of a ratio-—in 
this case, the relative potency, Addition or subtraction of twice the 
standard error of the difference to this log potency gives two logarithms, 
the antilogs of which represent the range to be expected in 95 out of 100 
replicate trials of the assay, or the 95% confidence limits. 


The quantal type of bioassay is applicable to a variety of problems, 
such as a comparison of lethality of two drug samples, and the chemo= 


therapeutic trial of agents against otherwise lethal experimental in- 
fections,. 


A bioassay based on a graded response is too complicated in design 
and mathematical treatment to be adequately discussed in a few minutes, 
As in the quantal problem, a transformation is sought which will rectify 
the relationship between dose and response to yield a straight line. 

From two to four dose levels are usually employed for the unknown, and 
usually an equal number for the standard, although some assays are designed 
with only a single dose of standard, The precision of such an assay is 
improved by use of a factorial design, which balances the controllable 
variables in the assay. Frequently provision is made for each animal or 
animal group to receive at least one or more dose levels both of standard 
and unknown. This cross-over arrangement increases the amount of infor- 
mation available from each animal, with the result that the bioassay may 
be many times as efficient with respect to numbers of animals used as a 
quantal type of assay, The statistical analysis usually involves an 
analysis of variance, in which the variance contributed by a number of 
factors (such as within animal groups, between groups, between types of 
treatment, etc.) can be separately examined. The professional statis- 
tician regards analysis of variance, and a rather related procedure, the 
analysis of covariance, as among the most useful tools at his disposal, 


Statistical methods are rapidly coming into use in connection with 
quality control methods for manufactured articles of every sort. 
Sampling of finished products by approved methods allows of confidence 
in predicting the quality of the entire output of a plant. Statistical 
analysis is of course an accepted and expected part of a quantitative 
biological experiment. Not only do the methods provide a basis for 
evaluation of the data, but may suggest improved ways of conducting the 
experiment, It is important to realize that statistical analysis cannot 
be expected to salvage a poorly designed or poorly executed experiment, ~ 
but it can be a welcome adjunct to the judgment of the experimenter, 
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Fig. 1. DETERMINATION OF STANDARD DEVIATION 


Sum of deviations from mean, 6, 
Sum of squares of deviations from mean, 367k. 


Fig. 2. FROQUENCY DISTRIBUTION OF A SAMPLE 


OF A SERIES 
Systolic Dev. Square Systolic Dev, Square 
—DePe from of DePe from of 
Mean Mean Dev, 
(xX) (X—m) (x) (X-m) 

160 32 «61024 125 - 3 9 
136 8 64 129 1 1 
128 0 0 122 4 16 
130 2 A 154 26 676 
-l, 196 115 -13 169 
123 - 5 25 126 =- 2 4 
134 6 36 132 4 16 
128 136 8 64, 
107 - 2 

£25 
Sum of blood pressure cnourviiadiehi, 2560. Mean, 128, 
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Fig. 3, ASSESSMENT OF SIGNIFICANCE OF Te 
DIFFERENCE OF TWO MEANS, 


Mean SD. N (No. of Items 
Sample 1 13.9 
Sample 2 00 10.5 20 
Difference 26 


Standard error of difference of two means . 
(SsDe.)”, (SeDon)~ _ | (2065) 
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Fige 4. FOUR-WEEK WEIGHT GAINS IN LITTER~ 
MATE WEANLING RATS, 


Difference 

81 85 4 

99 93 - 6 

58 77 19 t = mean of difference - M 

55 62 7 SeEon 

77 98 21 

59 @ = = e 

95 38 : 
Mean 69, 82.30 13,33 For & degrees of —_ 
S.D. 14.34 8.96 14.80 t = 2,306 at 5%1 
4.78 2099 4e93 = 3,355 at 1% level 


Fig. 5. APPLICATION OF CHI SQUARE TEST OF 
SIGNIFICANCE TO TABULAR DATA, 


2 
Time of Interval No, Live Expected Obs,=Expected (f, = f) 
Births 
Observed 


12M 3 AM 4,064, 4,028 36 
3 AM= 6 AM . 4627 " 599 
6 AM=- 9 AM 4488 " 1,60 
9 AM=+12N 4351 323 
12N 3 3262 " 
3 PM= 6 PM 3630 
6 PM= 9 PM 3577 
9 PM-12M 197 
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Figs 6. APPLICATION OF CHI SQUARE TEST TO 
FOURFOLD TABLE, 


No, Mice ~! Mice Total 
Alive 
Treated 10 te 40 (c 50 (ate 
Untreated 5 (b . b5 Cd 50 (b+d 
Total 15 (a+b) 85 (c+) 100 (a+b+e +4) 


x* (ad = Hot = 1.255 
at etd) (ate) (b+d 

where ad = greater cross=product 

For N= l, P= 0,2-0,3 


Pig. 7. GRAPHICAL SOLUTION OF A QUANTAL ASSAY 


| 
! 


Diff, Log EDs + 2 Diff. = (0,93-0,605) + 
| 2-x 0,0443 
Potendy = 211% 172% — 95% Confidence 


6 
UNKNOWN STANDARD 
3 
| X= 0,605 Std, = 0,93 - | 
260 270 280 8) 
LOG DOSE 
b (slope) = 6.74 
= 01485 
N 0,2 
x2 
j= is 
2 
ED = + + (0,1485)" =0.0443 
50 N N 
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RADIOACTIVE TRACER TECHNICS IN TEACHING AND RESEARCH 


John E, Christian, Professor of Pharmaceutical | 

Chemistry and Coordinator of Bio-nucleonics Research . 
School of Pharmacy, Purdue University 

Lafayette, Indiana 


In introducing my discussion of radioactive isotopes, I want, first 
_ Of all, to have you keep in mind that the progress of science is character- 
+ ized by the discovery and use of relatively few instruments having out- 
standing application in the progress of research endeavor, The analyt- : 
ical balance and microscope are examples of such instruments, 


Within recent years (the last fifteen to be more precise) two very 
important instruments falling into the category of outstanding instruments 
of research have been developed. The first of these is the cyelotron and 

- allied instruments such as the betatron, synchotron, linear accelerator, 
etc, The second is the chain reacting nuclear pile. The cyclotron and 
allied instruments being used for the production and study of high speed 
particles of various description, and the pile for the production and 

study of slow neutrons in high flux, 


These instruments are important not only from the standpoint of their 
use in theoretical studies, but also in the production of radioactive iso- 
topes which in turn serve as outstanding tools of research, 


The present indications are that the range of usefulness of radio- 
active isotopes as research tools is unsurpassed by any other tools at our 
disposal with the possible exception of the microscope and the balance. 


The apparent peacetime applications of particle accelerators and the 
pile may be classified under three general headings: 


1. The pursuit of fundamental atomic research, leading without ques- 
tion to further constructive applications of isotopes and certainly to 
advances in human knowledge. There is still much to be known about the 
fundamental particles of matter and about the nucleus of the atom 
additional knowledge means additional applications yet undreamed of, 


2. The development of useful power, leading to economical and socio- 
logical gains, If the raw material were available for peacetime use, 
such power would be of economic importance today and would compete with 
other sources of power in certain areas of the world, 


3. The production of radioactive products and their use in industry, 
medicine and research, leading to increased knowledge and beneficial 
applications in a wide range of scientific, industrial and medical fields, 


This latter use, the production of radioactive products, is the one 
in which we are primarily concerned, but the overall perspective of 
utilization is essential in thinking of specific applications to a 
specific area such as pharmacology. 


There are two important general classes of the use of radioactive 
isotopes, both of which depend on the ability of such isotopes to liberate 
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ionizing radiation. These are (1) as sources of ionizing radiation and 
(2) as tracer substances. 


As examples of the use of isotopes as sources of ionizing radiation, 
eight uses are listed: 

1. Therapeutic and diagnostic agents 

2. Well logging 

3. Thickness gauges and control 

4. Static electricity eliminators 

5. Liquid level measurement 

6. Fluid flow studies 

7. Preparation of radiographs 

8, Ionizing effects on tissue 


There are many more applications; however, these convey the general 
idea of such applications. 


By far the most productive and certainly the most interesting to the 
pharmacologist at least, is the use of isotopes as tracer substances, the 
use of which offers distinct advantages, Radioisotopes permit the tracing 
of elements, molecules, particles, or bulk material with the ultimate in 
(1) specificity, (2) sensitivity of detection and (3) attention to com 
plexity of details. Since a radioactive isotope behaves identically with 
the other isotopes of the element in chemical and physiological processes, 
it labels without question the particular atoms one wishes to trace ree 
gardless of what happens to the atoms in complex systems, This specificity 
of the label is even greater than the detection of a species of atom, One 
can trace a particular batch of a certain kind of atom, For example, one 
can label the calcium atoms in a glass of milk and at any time later dis- 
tinguish these calcium atoms from those already present in the body or 
those taken into subsequent food, The actions of a particular group of 
sodium atoms can be distinguished from the actions of those already in 

the body, etc, So the specificity of isotopic labels is the ultimate. 


The sensitivity of detection of radioactive isotopes is phenominal, 
being up to one million times as sensitive as other method known, 
Less than 100,000 atoms or roughly 10°” to 10°*’ grams can often be de- 
tected. So the sensitivity of detection is the ultimate, 


The complexity of processes traceable with radioactive isotopes is 
almost unlimited, Labeled atoms can be traced through a labyrinth of 
reactions and systems; for example, labeled atoms may be traced from 
fertilizer to the plant, from plant to animal and from animal to man, 
Atoms may be traced from carbon dioxide to glucose, from glucose to fat, _ 
etc, Microorganisms and insects can be labeled and followed wherever . 
they go. So the attention to the complexity of details is also the ulti- 
mate. 


Radioactive isotopes in quantity have been available for about four 
years, During the past year to a year and a half the number and avail- 
ability of isotopes has increased considerably, Along with this the cost 
has decreased, in some instances by large amounts. There are over 700 
radioactive isotopes which have been characterized and over 110 of these 
are available in quantity. The ones which have been made the most readily 
available are the ones of most importance in biological research, The 
following table lists a few of the important radioactive isotopes for 
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isotope 


Carbon - 14 
Phosphorus =~ 32 


#A ten dollar handling fee and the shipping cost must be added to the 
cost of the isotope to arrive at the total cost, 


The present big bottleneck in the use of the available isotopes is the 
synthesis of the desired labeled compounds with appropriate atoms in 
appropriate positions in the molecule, However, this situation is improv- 
ing since a rapidly increasing number of labeled compounds are becoming 
available, In January 1948, Methanol-1-C14 was the only labeled compound 
available for sale, In January 1949, two dozen such items were available, 


In Jamuary 1950, over 130 were available and in January 1951, over 300 
were available. All of these have been made available through chemical 
synthesis, Over fifty labeled compounds have now been prepared by bio- 
logical synthesis. The bulk of both the chemically and biologically pro- 
duced compounds are carbon-l14 labeled; however, some are labeled with 
iodine-131, sulfur-35, phosphorus-32, and cobalt-60, 


This covers the general considerations of isotope utilization in 
research and industry which brings us to a brief discussion of some of the 
specific applications to the area of pharmacology, There is little ques- 
tion about the importance of radioactive tracer techniques in studying 
the rate of absorption, excretion, metabolic products, distribution and 
mechanism of pharmacological action of medicinal substances as well as : 
toxic and other materials normally taken into the body, Previous speakers 
at this seminar have emphasized the importance of making such studies, 

The point that small doses of drugs may give large effects and that in 
most cases drug action is a series of chemical events in cell metabolism 
about which much is yet to be learned has been stressed. Radioactive iso- 
topes offer a new and in many instances a surprisingly simple approach 

to answering these problems, Such studies have already caused the dis- 
carding of some of the older theories of drug action and concentrations. 
Newer theories based on recent studies have been postulated but in general 
the indications are that the actions are much more complex than originally 
thought. 


Isotope tracer studies have already been made on a number of medic- 
inals such as the barbiturates, sulfa drugs, thyroid drugs, amino acids, 
vitamins, carcinogens, estrogens, antibiotics, etc, The possibilities of 
determining the breakdown products alone, using tracer techniques will 


30 
biological USE. 
important Radioactive Isotopes pce 

Half-Life Cost/me.* 

14.3 days 1,10 
Sulfur - 35 87 days 1,00 
Calcium - 45 180 days 2,00 
Iron 59 46.3 days 35.00 
Cobalt = 60 years 2.00 
Todine - 131 8 days 0.75 
Mercury = 203 43.5 days 1.00 
Sodium =- 24 14.8 hours 0,80 
Sodium = 22 2.6 years 100,00 
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unquestionably be of extreme value in postulating new and in many cases he 
simpler structures having comparable action, 


7 By the use of the radioautographic technique for the determination of 
distribution, the carrier technique for qualitative studies, and the 
direct and inverse isotope dilution techniques along with induction anal- 
ysis for quantitative studies more detailed studies can be made, even 
where the concentrations are extremely minute, | 


The possibilities for the use of radioactive isotopes for the pharma- 
cological testing of medicinal and toxic substances are apparent, The 
determination of blood and plasma volume, circulation time, restricted 


blood circulation, pumping qualities of the heart, and of thyroid function 
are examples of such utilization. 


In pharmacological studies of the elements themselves the use of 
radioactive isotopes presents many interesting possibilities. Good 
examples of this type of use are the very excellent work which has been 
done with iron=-59 and sodium-24 in studying absorption, distribution, 
excretion, concentration, etc. of these elements, 


The examples presented are but a few of the possibilities which are 
apparent for use in pharmacological procedures, There are still tremen- 
dous numbers of yet undreamed of possibilities which will become apparent 
as this new tool finds more extensive utilization. 


In conclusion, it should be pointed out that isotopes in quantity 
and at low cost have been available only during the last four years, In 
these four years tremendous growth of application has occurred even though 
several obstacles to their full use have been in the path of such utiliza~ 
tion, Many of these obstacles are being rapidly dissipated, Scientific 
persons are rapidly losing their fear of the use of isotopes, Well train- 
ed personnel who understand the advantages as well as the limitations are 
being trained. Basic data, equipment and methods have been adequately 
developed to a point where little time need be lost in using isotopes as 
research tools. Finally, tagged compounds and elements are becoming more 
and more available and cheaper. 


After careful consideration of these factors along with certain 
others, one is easily convinced that within the next 10 to 15 years 
radioactive isotopes will be as common place in pharmacological labora- 
tories and used to as great an extent as many of the research tools 


commonly used today. 


Sound advice to pharmacologists, both in industry and teaching, is to 
look ahead ten years and start now to build for the use of radioactive 
isotopes as research tools. 


Important Sources of Information on Lsotopes 


Calvin, M., Heidelberger, C,, Reid, J., Tolbert, B., and Yankwich, P., 
Isotopic Carbon, John Wiley & Sons, Inc., New York, 1949. 
Friedlander, G. and Kennedy, J., Introduction to Radiochemistry, 
John Wiley & Sons, Inc., New York, 1949. 
Gamow, G., Biography of the Earth, The Viking Press, New York, 1941, 
Hevesy, G., Radioactive Indicators, Their Application in Biochemistry, 
Animal Physiology and Pathology, Interscience Publishers, Inc,, 
New York, 1948, 
Kamen, M,, Radioactive Tracers in Biology 2nd Ed., Academic Press, 1951, 
Schweitzer, G, K, and Whitney, F. B., Radioactive Tracer Techniques, 
D,. Van Nostrand Company, Inc., New York, 1949. 
Siri, W. E., Isotopic Tracers and Nuclear Radiations; With Applications to 
Biology and Medicine, McGraw-Hill Book Co., New York, 194% 
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APPLICATIONS OF PHARMACOLOGY TO ANIMAL SCIENCE 


F, N, Andrews 
Department of Animal Husbandry 
Purdue University, West Lafayette, Indiana 


The scope of pharmacology is so broad that there should be little 
surprise, even to pharmacologists, at the many applications of the science, 
There seems to be a logical basis for the classification of all substances 
as drugs. Such a classification seems to infringe upon the chemist, the 
physicist or even the butcher or grocer and we have sometimes attempted 
to solve such jurisdictional disputes by resorting to functions or uses 
of the substances in question, Such a procedure is not without hagards. 
Whereas the pharmacologist is inclined to regard alcohol as a stimilant 
or depressant, it may be a sterilizing agent to the microbiologist, a 
dehydrating substance to the histologist or a sure-fire seller to the 
distiller. 


In recent years many unsuspected uses for standard drugs and new 
chemical substances have developed, It was not surprising that anti- 
biotics such as penicillin, streptomycin, aureomycin and others developed 
for the control of human diseases should be equally effective in the 
treatment of animal diseases, It was, however, very surprising even to 
the initiate that the addition of certain antibiotics to animal feedstuffs 
would greatly increase the rate of growth of farm animals, It was not 
surprising that stilbestrol, a synthetic female-like sex hormone would 
alleviate many of the menopausal symptoms of the human; it was surprising 
that the injection of minute quantities of stilbestrol would increase 
growth and the efficiency of feed utilisation in cattle and sheep, It was 
probably surprising to all concerned that thiourea, a compound used in 
- photographic fixing agents and in the manufacture of resins, should prove 
to inhibit the utilization of iodine by the thyroid gland. Many similar 
examples could be chosen, The writer will discuss only a few which are 
involved in the practical utilisation of hormones in farm animal pro- 
duction. 

It has long been known that such important body functions as growth, 
reproduction, lactation and the fattening process are either direetly or 
indirectly controlled by the endocrine or ductless glands. These glands 
secrete specific chemical substances called hormones. 


From the standpoint of practical livestock production the hormones 
which are of most interest to us at the moment are those of the anterior 
pituitary, thyroid, adrenal and sex glands (ovaries and testes). 


The Estrogens 


There is a great number of naturally occurring and synthetic female 
sex hormones. These substances are extremely widespread. They are 
normally produced by the ovaries, but may be present in significant 
amounts in sources such as grasses, legumes, molds, petroleum and various 
body secretions, Most of the naturally occurring estrogens can be prepared 
synthetically, There is, however, a great difference in the cost of 
synthetics. 


Among the synthetics which are readily available is stilbestrol. 
It does not occur naturally in the body, but when administered to animals 
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or humans it can substitute rather effectively for the natural ovarian 
hormones. Stilbestrol has the advantage of being low in cost, In 
human medicine stilbestrol is used to make the menopausal transition 
smoother, In veterinary medicine it is widely used to induce heat in 
sexually inactive females and to treat various disorders of the repro- 
ductive organs, 


Jaap, Lorenz and others have clearly showed during the past decade 
that the injection or feeding of stilbestrol and other estrogens will 
increase fattening and improve market quality in chickens and turkeys, 
The effects in broilers are so striking that injections of stilbestrol 
in various forms is now a standard practice in poultry production. The 
use of stilbestrol pellets has been approved in the United States by the 
Pure Food and Drug Administration, The feeding of estrogens, however, has 
not yet been approved because there is not sufficient evidence that it 
can be done safely with the estrogens at present available, It is empha- 
sized that in birds increased fat deposition is very apparent. In cattle 
and sheep the effects of stilbestrol appear to be a stimulation of rate 
of growth rather than an increase in fatty tissue. 


During the past five years several experiments have been conducted 
at the Purdue University Agricultural Experiment Station on the effects 
of both the female and male sex hormones on the rate of growth of cattle 
and sheep, 


Two experiments with beef heifers showed that stilbestrol increased 
the rate of gain and improved feed efficiency, The observation of two 
groups of beef heifers which had been injected with stilbestrol while 

grazing on lush pasture prompts the warning that excessive mammary growth 
may occur under such conditions. 


Two trials with beef steers showed that rate of gain and efficiency — 
of feed utilization may be greatly improved by both stilbestrol and a 
second synthetic estrogen, dienestrol, In a recent 140 day trial yearling 
steers on a ration of corn-and-cob meal, cottonseed meal, molasses feed, 
clover-timothy hay, bonemeal and salt gained at a rate of 2.56 lb. daily 
and. required 782 lb, of concentrates per 100 lb. of gain, Steers in which 
60 milligrams of stilbestrol pellets were injected beneath the skin in 

the neck gained 2.9 lb, daily; cattle receiving 120 milligrams of stil- 
bestrol gained 3.0 lb. per day and those which received 80 milligrams of 
dienestrol gained 2,9 lb. daily. The hormone-treated steers required only 
694 to 698 lb. of concentrates per 100 lb. of gain, In both experiments, 
carcass grades were higher in the control than in the treated cattle. 


Experiments with castrate male lambs have shown that both stilbestrol 
and dienestrol increase rate of gain and improve feed efficiency, As in 


the case of beef cattle, carcass quality was somewhat reduced by estrogen 
treatment, 


Thiouracil and other goitrogens. 
Since 1942 a series of compounds which affect the activity of the 
thyroid gland have been developed, Since the thyroid gland is involved 
in growth, fattening and numerous other body functions it was hoped that 


these compounds might find practical application, The goitrogens depress_ 
thyroid activity and metabolic rate. Fat deposition tends to increase and 
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feed requirements are reduced, Unfortunately rate of growth declines, 
Since rapid growth is essential in meat animals the decline in growth 
rate is a serious limitation. At the present time the only possible 
practical application has been during the last few weeks of fattening in 
swine 


Thyroprotein 


One of the best known of all supplementary hormone sources is thyro- 
protein, Thyroprotein is the descriptive name of proteins to which iodine 
has been bound in such a way that compounds similar to the naturally 
occurring thyroid hormone are formed, 


The greater part of commercial thyroprotein is used for the stimla- 
tion of milk production in dairy cattle. It has been known for almost 
20 years that thyroxine administered to cows in the declining phase of 
lactation will stimulate milk production, It appears that in some cows 


natural deficiencies in the activity of the thyroid gland limit milk pro- 
duction, 


There are at least two problems involved in the practical use of thy- 
roprotein in dairy cattle. Most cows receiving proper amounts of thyro- 
protein do increase in production. However, some cows respond much more 
favorably than others and some may not tolerate thyroprotein. The dairy- 
man using thyroprotein must be able to evaluate the response. The second 
problem is an economic one. Cows receiving thyroprotein require more feed, 
If the increased milk flow does not pay for the cost of the material and 
increased feed it is obvious that the use is not economic, 


Some experiments have shown that thyroprotein will stimulate growth 
in swine. Thus far it has been difficult to control the response, Until 


satisfactory techniques can be worked out the material will have limited 
use. 


The addition of thyroprotein to the rations of young chicks has 
been shown to accelerate feathering. 


Human health aspects 


When drugs of any sort, whether they be in the nature of vitamins, 
hormones, antibiotics, insecticides or of other nature, are administered 
to meat, milk or egg producing animals it is necessary that they have 
no harmful effects on the humans consuming such products, 


Stilbestrol can be used for the stimlation of growth and fattening ~ 
in poultry in the United States provided it is administered in pellet form 
in the neck region, In Canada, on the other hand, such use is not per- 
mitted. At the time of writing, stilbestrol has not yet been approved 
for purposes of stimulating growth in sheep or cattle, 


The use of thyroprotein for the stimulation of milk production in 
dairy cattle, and for inclusion in swine and poultry rations appears to 
have no undesirable effects on the products produced, To the author's 
knowledge, there has been no official opinion as to the acceptability of 
thiouracil or other goitrogens for inclusion in the rations of meat 
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animals, The best evidence available seems to indicate that thiouracil 


disappears from the tissues of meat animals very shortly after its use 
in the ration is discontinued, 


The effects of drugs in the treatment of animal diseases could be 
discussed in great length. Veterinary medicine and veterinary pharma- 
cology are very similar to human medicine with the possible exception 
of emphasis, Whereas the alleviation or prevention of suffering takes 
precedence in man, the economic relationship of healthy animals in *l- 
filling man's material needs looms largest in animal applications. 


It is readily apparent, by these few brief examples, that the 
applications of pharmacology to animal science are broad and important, 


and it seems likely that as knowledge increases other unsuspected appli- 
cations will be forthcoming. 
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GRADUATE INSTRUCTION (A PANEL DISCUSSION) 


Objectives of Graduate Training in Pharmacology by Harold W. Werner 


The primary objective of graduate training in pharmacology should be 
to develop individuals who are capable of recognizing problems and solving 
these problems in an economical way. 


This means that the training mst aim to develop the individual along 
three lines, 


First, it must provide an adequate background of technical information 
and skill, Emphasis here should be placed on fundamentals and correlations 
rather than on simple learning of isolated facts. 


Second, the training must aim to develop research ability, Emphasis 
here should be placed on recognition and understanding of problems, organ- 


ization of plans of attack, execution of the plans, and drawing of sound 
conclusions, 


Third, the training must aim to develop certain qualities or traits 
of character which are characteristic of the well-rounded individual and 
are important in research and other functions. 


There are many of these qualities, and their importance is appreci- 
ated almost as soon as they are mentioned, 


Intellectual honesty and objectivism are of fundamental impor- 
tance in any scientific work, This is true because research work is 
primarily concerned with the discovering of facts, and facts by 

definition cannot be colored by personal preferences and feelings. 


Every effort should be made to develop an active, inquiring, 
and interested mind, Active interest and curiosity are essential 

to the recognition of major problems and voids of information, These 
characteristics are necessary also for the recognition of problems 
and difficulties arising daily-~problems which call for modification 
of technics or approaches if research is to be successful. Active 
interest and curiosity are important elements also in the making 

of unexpected or unplanned discoveries. 


Judgment and intelligent discrimination also mst be developed. 
These qualities are essential for the determination of the relative 
importance of both small and large problems. Along with technical 
information and skill they are necessary for the most economical 
solving of problems, and they are essential to the drawing of sound 
conclusions, 


Patience and perseverance need to be devoloped, Few pieces of 
research, or for that matter few jobs of any nature, can be brought 
to a successful conclusion without these virtues, Yet the individual 
must learn to temper his tenacity with judgment or he may blindly 
pursue an objective which can never be attained or attained only 
at too high a cost, 
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The abilities to talk well, write, get along with people, and 
administer are needed to various degrees in different jobs, but all 


are becoming more important in the functioning of our present-day 
organizations, 


Originality, imagination, and idea ability are the extra plus 
qualities, They are the ones which lead to creative ability and 
unusual accomplishment, Probably originality cannot be modified 
greatly in graduate training, but imagination and ideal ability can 
be improved, 


Finally, the graduate student should appreciate the importance 
of industry and enthusiasm for work, Ideally these qualities are 
fairly well developed before graduate work is started. Practically 
improvement may be necessary, but it should come easily as other aims 
of the program are attained, 


praduate instruction dn of Statt and Students 
Ewart A, Swinyard 


Graduate study in pharmacy is offered in five major fields of 
specialization, namely, pharmacy, pharmaceutical chemistry, pharmaceutical 
administration, pharmacognosy, and pharmacology, Advanced degrees in the 
first four fields can be obtained only in colleges of pharmcy, Asa 
result, the objectives are fairly uniform, although the quality of such 
training may vary considerably depending primarily upon the ability and 
ingenuity of the man who directs the program, On the other hand, advanced 
degrees in pharmacology may be obtained either in a college of pharmacy or 
a college of medicine, This at once imposes an unusual responsibility on 
the colleges of pharmacy that presume to offer graduate instruction in 
pharmacology, There are certain differences in the objectives of graduate 
training in pharmacology offered in colleges of pharmacy and in colleges 
of medicine, nevertheless, these objectives are sufficiently similar so 
that only that college of pharmacy which can offer work comparable with 
that offered in a college of medicine should attempt to offer the doctor- 
ate degree in pharmacology. It should be remembered that pharmacology was 
originally fostered by the medical schools and presumably should have 
attained its highest level of academic excellence in these institutions. 
Unfortunately, this view is not uniformly accepted, Irrespective of this 
opinion, unless the graduate who has been trained in pharmacology in a 
college of pharmacy has an education at least equal to that of the medical 
school trained man he will find himself seriously handicapped when it comes 
to securing one of the better positions in industry, food and drug admin-e 
istration laboratories, research foundations or educational institutions, 
In the writer's opinion, there are but very few departments of pharmacology 
in pharmacy colleges that are prepared at present to offer the Ph. D. de- 
gree. For the benefit of other schools it is of interest to note here the 
necessary minimum qualifications of staff and students for a creditable 
graduate program in pharmacology. 


Qualifications of the Staff 


In general, the same rigorous requirements concerning staff should 
apply to the department of pharmacology which plans to offer graduate 


Ons Witiids beol 
bo 


Sonar ‘eng "igge ah; 

‘we YLiess aaoo blyore tid 


flowe Yo x 
bas 
beomevbs 


Wii lence 

al 


- 
ever bipore Meera bres 
oped? al 
to 
a} 
Isetbem %x of Tap 
fi bes 
eninhs hr: 
tien? 
Loosminct; 


of doldw ynolo: 


eifow of ont 
gd nt vit, 
eDuVvo 
ary . 
as Ulitemita anthrogeh wisv vs 
# ME tortie beanie: | ft 
- . - > 
j Ta amure Voarrtada % 
; 
P a 
‘Lan | Dave 
fovel « wiied 
oe es >. 


3e 


instruction in pharmacology as apply to the various divisions of a Grad- 
uate School in our better universities, The biggest hurdle, therefore, 

is the number of staff members in the department, Rarely, if ever, is a 
department permitted to offer graduate instruction to the Ph.D, if there is 
only one professor in that department. It is realized that such a require- 
ment of mitiple staff members will automatically exclude the vast major— 
ity of colleges of pharmacy from graduate instruction in pharmacology. 
However, under certain circumstances, a department which has only one or 
two staff members may undertake graduate instruction. Such circumstances 
would obtain when the college of pharmacy is closely allied with an active 
university graduate school in which graduate courses in biochemistry, 
physiology and other ancillary fields are offered, 


The faculty member directly responsible for graduate instruction in 
pharmacology must have a doctorate degree in pharmacology and must have 
published sufficient meritorious independent research to enjoy the full 
confidence of his colleagues, Indeed, he must be actively engaged in 
research, 


The faculty of a college of pharmacy offering graduate instruction in 
pharmacology must be "strong" in the sense that its members are recognized 
for their research contributions in their respective fields, Such recog- | 
nition can only be gained if the faculty members do fundamental research ~ 
and are active in their respective professional societies, 


Qualifications of students. Admission to graduate work in pharmacol- 
ogy should be granted only to graduates of accredited colleges of phar~ 
macy, Undergraduate training should include, =~ in addition to the usual 
courses in pharmacy, pharmacognosy and pharmaceutical chemistry, — inor~ 
ganic, organic, qualitative and quantitative chemistry, physics, biology, 
bacteriology, and physiology, and, a year's course in pharmacology. In 
addition, the student should have courses in mathematics through the 
calculus, or should complete these during his graduate work. 


The general ability of the graduate student is, to a large extent, 
reflected in his scholastic record, The scholastic record may be used as 
an indication of his intelligence, memory, industry and general interest 
in education, However, other qualifications, such as a sincere interest 
in pharmacology, judgment, ability to read and interpret the scientific 
literature, and manual dexterity, should be taken into consideration, In 
addition, the graduate student should have the necessary physical and “: 
mental stamina to enable him to make the necessary adjustments to grad- 
uate work and to withstand the long hours of work and study required for 
the doctor of philosophy degree. Some of these qualities can be deter~ 
mined by personal interview, by a graduate record examination, and by 
previous experience with the applicant, Finally, the student who presents 
all of these qualifications should only be accepted for graduate study 

with the realization that all professional careers in pharmacology are 
' goncerned with research and that the lifetime occupation of all candidates 
for the doctor of philosophy degree in this field involves original in- 
vestigation irrespective of the specific position finally accepted, 


Choice of Problem by Carl A, Bundy 


Same general principles as would influence choice of problem in any 
graduate school, 


8 to enmoteivid svoivsy sa: 
Sef .teve ti 
Jeav edt ebuimie 
ai 
ebotstico ere abi 


over Jeum iris Loo Ri 
eff yoime of 

mi vievivosn od 


al noljoutten! antvetto 


eottolooe 
~Lossmrarta mk 
wit Yo 
of 
MI 
aid co 


Sewssini bers 
ofitinetos 

fl col 


“beth of etn 
70% betiupe: bes to 
nico casts tc or 
tol bosqesosn od 
ote mi wtesise fan 
(ie to hl oc 


~ 


ve < on " 
fo 
3 i 5; 4 
2 ved re onl 
; 
‘ 
ban « 
Li 
+ ‘4 
. 
4 
od baa ots 
We ™ 7, Wes 
4 
Mise ov 


4. 


Be sure that the chief reason for choice is the value of the problem 
to provide instruction and learning, 


School and research laboratory do not always have identical aims, 
The problem should fit the aims of teaching even though this does not 
contribute most to the professor's research programs. 


Problem should be related to a financial grant only if that grart 
supports a good teaching problem, A graduate student should not be made 
: technician just to get the professor's work done or just to qualify 

or a grant, 


Definition of a good teaching problem: 


1. Must be within the scope of the student's ability and time, 
2. Must employ a variety of classical techniques, 
3. Must have sufficient evident importance to be stimulating. 


Graduate Courses in Pharmacology by Leroy D. Edwards. 


It is the opinion of the writer that the program of courses offered 
for pharmacological graduate study should include some instruction in 
every basic phase of that field, This approach seems logical for the 
following reasons: 


(1) Pharmacology can be subdivided into several sharply defined 
areas, i.e., routine bioassays, sereening of new compounds for drug 
action, toxicology, pure pharmacology including mechanism of action and a 
correlation of chemical structure and response, product development, 
teaching, etc. 


(2) There appears to be a tendency to specialize these areas, 


(3) The graduate in most instances has no way of determining in 
which specialized area he will operate upon graduation, 


(4) If the student is familiar with the basic principles he can effect 
a high degree of specialization in an area through self-education after 
graduation, Thus, assuming that the student has had or will take all 
essential prerequisite and supplementary courses, the graduate courses in 
pharmacology should include the following: (a) Advanced pharmacology, 
(b) rimental animal surgery, (c) Bioassays, (d) Drug screening, 
and (e) Toxicology. 


Advanced Pharmacology 
The approach in this course may well be from the standpoint of cellu- 
lar pharmacology, and, then with this foundation, tissue and organ 
pharmacology may be developed. Finally, the effects of drugs on the 
several systems of the intact animal should be studied, The mechanism 
of action and the correlation of chemical structure to response should 


be emphasized wherever possible, Laboratory work should be arranged to 
illustrate the type methods employed in such studies, 
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Experimental Animal Surgery 


This course should consist of the more complex surgical techniques 
and practices met in the use of the larger animals such as the dog in 
pharmacological experimentation, These several techniques and practices 
are well described in the textbook of Experimental Surgery by Markowits, 
Williams and Wilkins, 


Bloassays 


Here the fundamentals of bioassay procedures including statistical 
analysis of results should be covered, The official bioassays should 
receive first consideration in the laboratory phase of the course, 

Biological Standardization by J. H. Burn, Oxford University Press, 1950, 
is illustrative of the material which should be included in this course, 


Drug Screening 


A general screening routine should be presented. In the laboratory, 
the student should obtain familiarity with these techniques using known 


drugs. Unknowns may then be used to test the progress of the student. 


Toxicology 


The objective in this area should be to acquaint the student with the 
procedures used in the isolation of poisons from organic material and 
the means of identification of these poisons after isolation, In some 
instances as arsenic, alcohol, etc., it will be necessary to employ 
quantitative methods, The use of "unknowns" is very instructive, Type 
material for a course of this kind is to be found in Clinical Toxicology 
by Thienes and Haley, 1948, Lea and Febiger, Philadelphia, 


In addition to the above five basic courses in graduate instruction 
in pharmacology, a Special Problems course and, certainly, a Seminar in 
Pharmacology are most productive. 


These courses as outlined would easily satisfy a major in pharmacol- 
ogy for the Ph, D. degree. The supplementary courses could be used for 
such minors as physiology, bacteriology, pharmaceutical chemistry, phar- 
macognosy, pharmacy, organic chemistry, etc. 


The Graduate Seminar by Frank T, Maher 


Seminars with graduate college recognition are frequently combined 
with, or presented as, staff seminars. It is our purpose here to stress 
the particular aims of the seminar directed to the graduate student. 


The graduate seminar centers around the training of the graduate 
students (a) majoring in the field; (b) doing a minor; and (c) from 
other fields, seeking correlative information, It is thus an integral 
part of the graduate teaching program. It should not be designed to 
replace or supplant formal course instruction at graduate levels, 


Seminar programs should be varied to provide: 


vt 


etobianos 


font sstubeoo 


esold oar! 
ent lo seatg vretatodal 
‘stem of 


4 


t 


5 


mom 


ditw dnebu: 
Le 
al 
>* 


t ter 


yao loo ixe 


~ 


ors 
OF two ef evant: 
oft of botoothbh 
fe tgota 2c 


i> 
ae curds. 

b 


OF bongissd ad 
Wilevel ga 


as 


2 
as 


tebivotg of bojery 


| 
Io Xoodixo bod Io: "2 
So 
Sr 
me geo? of of aodd van 
- 
. 
AF: 
af olead av fi? oF ao 
ny io eats 
— 
d 


6. 


1, Authoritative speakers, reviewing, and discussing major areas 
of development in pharmacology, 


2. Recognized investigators, presenting progress reports on research 
activities in specific areas, 


3. Workers in associated and supporting fields of study, bringing a 
summary of outstanding progress in related areas, 


4. Brief descriptions of research and teaching programs by other 
local departments, and by other students within the department-- 


seeking to orient the student in the totality of effort within 
the institution. 


5. Opportunity for each graduate student to appear before the group 
for oral presentation of: 


(a) Progress reports of research projects. 
(o) Final description of completed work. 
(c) Library research on assigned topic. 


6, Review and discussion of methods and practices of scientific 
writing, thesis development, and oral presentation. 


Each program should provide time for a thoughtful consideration of 
material presented, and a general discussion by graduate students and 
staff, Designating in advance one or two commentators who serve to open 
_ discussion has been effective in our experience, Graduate students 
should be encouraged to enter freely into these discussions, 


For the past three years we have maintained at the University of 
Illinois a "General Pharmacy Seminar," in addition to departmental 
seminars in biology, chemistry and professional pharmacy, Topics pre- 
sented are basic in nature, but slanted toward a problem in pharmacy, 
General topics are divided in presentation among several areas of thought; 
graduate students present active and completed research before a critical 
audience of varied representation. This type of program has frequently 
served to orient the graduate student, to correct experimental design 
or approach with economy of time and facilities, 


With a wide field from which to formulate seminar programs, the 
stress upon the graduate seminar as predominently an educational experi-~ 
ence must be maintained, This objective is best approached by consider- 
ing each item in the total program, and its presentation, from the view- 
point of its value in forwarding the course of graduate education, — 
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AN ELEMENTARY COURSE IN TOXICOLOGY 


C. W. Muehlberger, Toxicologist 
Michigan Dept, of Health a 
Lansing, Michigan . 


Inasmuch as I have never had the opportunity of teaching in a 
school of pharmacy, it is presumptuous on my part to come before you 
and attempt to discuss the teaching of toxicology in a pharmacy course. 
I can, however, recount to you the experiences which we have had in 
the teaching of toxicology to medical students, The program which I 
will outline was developed very largely at the University of Chicago 
under the leadership of Dr, E, M. K. Geiling, Chairman of the De 
of Pharmacology. The courses consisted of a series of about 13 to 16 
lectures and an optional laboratory course covering about & afternoon 
laboratory periods. 


Lecture Course 


Where time permits, it seems desirable to open the lecture course 
with an illustrated lecture on "The History of Poisoning", Following 
this, the definition of the term "poison" should be discussed, in order 
to delineate the field which is to be covered. The general pharmaco- 
logical principles involved in the toxic action of substances is much 
the same as those governing the beneficial action of medicinal drugs, 
so that these may be rapidly gone over. The avenues of absorption of 
toxic substances are discussed, also the rate of absorption through these 
various avenues and factors which alter the rate of absorption, The 
distribution and elimination of the toxic substances is then discussed, 
incluging the mechanism of elimination either by hydrolysis, oxidation, 
conjugation, ester formation or simple excretion. The avenues of elimi- 
nation are outlined and factors which influence the rate of elimination 
are discussed, Cumulative action of toxic substances leading to chronic 
poisoning are also detailed and a discussion of tolerance and idiosyn- 
crasy is included, particularly with reference to poisoning, 


Because the pharmacist is, in many instances, close at hand in 
acute poisoning cases, he should have knowledge concerning emergency 
treatment of poisoning, even though the handling of the case can best be 
left to the direction of medically-trained persons. Principles*tof treat- 
ing a case of poisoning are therefore gone into, These consist of (1) 
Prevention of further absorption of poison, either by producing vomiting, 
resorting to gastric lavage or judicious use of antidotes for poison 
which has been swallowed, It should be borne in mind that the stomach 
is not a glass beaker or test tube and that powerful antidotes are defi- 
nitely contraindicated, Thus one should administer vinegar in cases 
where caustic alkalies have been swallowed or milk of magnesia where 
powerful acids have been taken. Lloyd's Reagent is an excellent adsorb- 
ant for swallowed alkaloids. (2) Treat the effects of the poison which 
has already been absorbed. This should be done under medical supervision 
and consists in the injection of specific antidotes, such as soluble 
barbiturate for strychnine poisoning, picrotoxin for barbiturate poison- 
ing, sodium thiosulfate and sodium nitrite in cyanide poisoning and BAL 
for most acute metallic poisons. (3) Give supportive treatment by main- 
taining body temperature, giving artificial respiration where indicated 
or by employing cardiac stimulants where there is circulatory depression. 
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After these generalized discussions, it is wise to pass on to the 
discussion of specific groups of poisons, Many of these which are common 
medicinal drugs can very well be discussed in the pharmacology course 
where their therapeutic action is under consideration. Thus arsenic and 
mercury compounds, strychnine, morphine, etc. may have their toxicity 
discussed at the point where these substances are under consideration in 
the regular pharmacology course. The lectures cover gaseous poisons 
(with considerable emphasis placed on carbon monoxide because of its 
common occurrence) caustic or corrosive poisons, including powerful 
mineral acids, caustic alkalies and phenols, discussion of the alcohols 
(with special reference to methyl and ethyl alcohol poisoning) discussion 
of cyanides, toxic metals and metalloids, toxic hydrocarbons, particularly 
of the aromatic series, chlorinated hydrocarbons and other toxic indus- 


trial solvents, hypnotic drugs, chiefly chloral and the barbiturate series, 
alkaloids. 


In presenting these subjects it seems advisable to use demonstrations 
and visual aids to a limited extent. Thus where quick-acting poisons are 
under discussion, the toxic action and suitable antidotal treatment can 
be demonstrated in experimental animals before the class, In instances 
where the acute symptoms are striking and characteristic, movies of such 
animal experiments may be shown and to demonstrate the pathological con- 
ditions resulting from toxic action, lantern slides (particularly Koda- 
chrome slides) may be shown, A few short "quiz" periods may be advisable 
through the lecture series. Quizzes should outline practical poisoning 
situations and invite the student's consideration concerning diagnosis 
(both physical and chemical), proper treatment and probable prognosis. 


There are two schools of thought concerning educational technique 
in which the supplying of mimeographed notes is under controversy. One 
school adheres to the belief that requiring a student to take elaborate 
notes and to summarize the material presented in the lectures is the best 
way of fixing these in the student's mind, The other school, to which 
I am more inclined, believe that the maximum value can be obtained if the 
student is relieved of an attempt at taking shorthand notes and permitted 
to listen to the lecturer. Thus the student is permitted to devote him- 
self wholeheartedly to the lecturer's presentation with the knowledge 
that the essential facts will be found in the mimeographed notes. 


Laboratory Course (optional) 


The laboratory course consists of a combination of demonstrations 
and chemical analyses (chiefly qualitative) to illustrate the action of 
poisons, the treatment of poisoning and the detection of the more common 
poisons, At each laboratory period a demonstration of the toxic effect 
of some poisonous substances in experimental animals is conducted and a 
different group of about four students is assigned to the demonstration 
for each laboratory period. 


First laboratory period experiment consists in gassing animals in 
a gas chamber using carbon monoxide, also demonstrating the effective- 
ness of oxygen therapy. Laboratory period, check over laboratory equip- 
- ment and prepare special reagents, 


Second laboratory period involves the testing of blood of animals 
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poisoned in the preceding period to detect carbon monoxide-hemoglobin, 
both by chemica]. and spectroscopic means. The experiment for the second 
period consists in poisoning animals with cyanide and demonstrating the 
antidotal effects of sodium thiosulfate and sodium nitrite, 


Third laboratory period, students test stomach contents, tissues 
and blood of animals poisoned with cyanide during the previous session, | 
and as a laboratory demonstration further animals are poisoned with 
stomach administrations of alcohol and chloral hydrate, 


Fourth laboratory period, blood, urine and tissues of animals 
previously poisoned with alcohol and chloral are tested and further 
animals are poisoned with inorganic arsenic and mercury preparations. 
The effectiveness of BAL as an antidote is demonstrated, 


Fifth laboratory period, tissues of animals poisoned with arsenic 
and mercury are tested qualitatively for these poisons. Further animals 
are poisoned with barbital sodium and the use of picrotoxin as an anti- 
dote is demonstrated, 


Sixth laboratory period, devoted to the extraction of barbital 
from liver, kidney and urine of animals previously poisoned. The lab- 
oratory demonstration consists in poisoning animals with strychnine 
administered by stomach tube and demonstrating the effectiveness of 
Lloyd's Reagent administered by mouth as an antidote, 


Seventh laboratory period consists in testing stomach contents of 
previously poisoned animals for the presence of strychnine, Laboratory 


animals are poisoned with sodium fluoride and white phosphorus prepara- 
tions, 


Eighth laboratory period is taken up with qualitative tests of 
stomach contents of previously poisoned animals with fluoride and ~ 
phosphorus, 
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THE COMMON GROUND OF HUMAN AND ANIMAL DISEASES 


L. M. Hutchings 

ia Department of Veterinary Science 
Purdue University 
Lafayette, Ind. 


If one should feel the need of justifying an approach to the subject 
"The Common Ground of Human and Animal Diseases", he need but to consult 
the dictionary for definitions of man and animal, An animal, as dis- 
tinguished from a plant, is any member of the group of living beings 
typically endowed with sensation and voluntary motion, Technically, 
an animal is an organized living being distinguished by possessing in 
greater or less degree the characters or attributes of sensation, of 
voluntary movement, of receiving and digesting solid food in an internal 
cavity previous to its absorption into the tissues and of having the 
katabolic processes of the cells paramount to the anabolic processes, 
so that oxygen is absorbed and carbon dioxide evolved during the life 
of the organism, Man is a human being; an individual of the genus Homo, 
Man is the highest type of animal existing or known to have existed, but 
differs from other animals more in extraordinary mental development than 
in anatomical structure, 


Disease has been defined as an alteration in the state of the body 
or of some of its organs, interrupting or disturbing the performance of 
the vital functions. Thus it can be readily understood that there is 

@ common ground for animal and human diseases, This paper will deal 
only with some of the diseases of animals which are transmissible to man 
rather than the whole array of abnormalities which have a common medium 
in man or animal, Suffice it to say that nutritionally, physiologically 
and anatomically there are common abnormalities of both man and animal, 


Of the 83 or more diseases of animals which have been reported 
as being transmitted to man, the effects are measured ordinarily in 
terms of direct public health importance, Another viewpoint worthy of 
thought concerns the indirect importance of animal diseases in general 
on the economics of mankind, In other words, the diseases which animals 
have and do not transmit to man are of interest not only to the veter- 
inarian, the physician, the research worker and the health official, but 
also to the economist, As Edward Jenner said in 1796, "The deviation 
of man from the state in which he was placed by nature seems to have 
proven to him a prolific source of diseases. From the love of splendour, 
from the indulgences of luxury, and from his fondness of amusement, he 
has familiarized himself with a great number of animals, which may not 
originally have been intended for his associates." This could well have 
been expanded to include man's dependence on animals for a living, for 
maintenance of soil fertility, and for their contribution to medicine. 
Such diseases as hog cholera, foot-and-mouth disease of cattle, Texas 
cattle fever, infectious bronchitis and pullorum disease of chickens, 
none of which are transmitted to man, have a profound indirect influence 
on man through the economic losses they produce, During certain years 
hog cholera in the United States has been conservatively estimated as 
causing 65 million dollars' loss. In ordinary years including the cost 
of prophylactic measures a 30-50 million dollar annual loss is recorded. 
Cattle tick fever or Texas cattle fever at the turn of the century was 
estimated to be taking an annual 40 million dollar toll from the South. 
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Eradication of this disease has and is permitting a change from the cotton 
and sugar cane economy of the Deep South to one of diversified livestock 
farming, Similar estimates on other diseases have resulted in greater or 
lesser animal loss figures, 


Currently, we hear a great deal about conservation of national 
resources, Such important factors as the development of hybrid corn, 
better land utilization, better use of fertilizer and conservation of 
water are all mentioned in our conservation programs, A less publicised 
portion of this whole picture is the improved management, nutrition and 
disease control in our domestic animals and poultry. It is a matter of 
record that Malthus in the 17th century predicted human starvation as the 
direct result of population increases. In this prediction he failed to 
consider or foresee many important technological developments which have 
tended to at least delay, if not overcome, the world shortage of food 
resulting from the increased population, In the animal field alone, the . 
development of a satisfactory hog cholera vaccination procedure, the con- 
trol of anemia in baby pigs, the control of rickets in chickens, better 
knowledge of parasitic diseases, the development of satisfactory biologic 
tests for tuberculosis and brucellosis, the knowledge concerning iodine 
deficiency in the new born pig and lamb and the many other technological 
developments in therapy, prophylaxis and control of diseases have all 
added up to result in better nutrition, better economy, and better land 
utilization through animal culture, 


If there is a tendency to dispute the value of a sound, disease-free 
animal industry on the basis of the inefficient use of feedstuffs by 
first feeding the products of the land to animals and then to man, it 
should be remembered that when such practices have developed the people 
have declined markedly. Perhaps our greatest buffer against overpro- 
duction and ruinous rural economy lies in the very fact that animals can 
and do act to eliminate surplus feedstuffs which could not be fed directly 
to man with economic safety, This then represents a common ground between 
the diseases of animals and man from a purely cold blooded economic view- 
point, 


From the public health standpoint, diseases of animals which may be 
transmitted to man are of primary consideration. However, here again the 
economic aspects are also important, but human suffering is even more para~ 
mount, There is, as previously stated, an imposing list of some 83 di- 
seases which may be transmitted from animals to man. The more common of 
these are: anthrax, brucellosis, tuberculosis, glanders, leptospirosis, 
psittacosis, Q fever, Rocky Mountain Spotted fever, tularemia, rabies and 
parasitic diseases, These represent diseases which are spread in differe 
ent ways; by direct contact, by insect vectors, by inhalation, by 
ingestion, and by indirect means such as contaminated water or soil. 


Perhaps one example of the effects of practical control of one of 
these animal diseases would suffice to demonstr:te the public health 
importance of such an effort. With the advent of a testing agent for 
tuberculosis, i.e. tuberculin, a program of bovine tuberculosis control 
and eradication was initiated in the United States based on testing and 
slaughter of all cattle which reacted to the test. After about 25 years 
of both intensive and extensive effort the last county in the United States 
was declared a modified accredited area for bovine tuberculosis in 1940. 
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During and subsequent to the accomplishment of this stupendous task the 
incidence of bovine tuberculosis infection in man in the United States 
has decreased to essentially nil, This decrease occurred primarily in the 
bone, skin and glandular tuberculosis so common in children 30 to 40 years 
ago. It will remain for historians to record whether the results were 
worth the effort and cost. Reports indicate that 279,235,490 cattle were 
tested with tuberculin up to 1945 at a total cost of about $250,000,000, 
Considering the results achieved, the cost does not seem excessive. 

This then constitutes direct evidence of the common ground between die 
seases of man and animals, 


Possibly a few words concerning preventive medicine, both veterinary 
and human medicine, would not be out of order, The ideal of medicine is 
the prevention of disease, and the necessity for curative treatment is 
evidence of its failure. From the earliest times, ways and means of 
prevention have constituted a part of human conduct in both diseases of 
man and animal, Comprehensive efforts to protect the millions who suffer 
economically and physically through disease of the animals they raise have 
not been made and there will be no change unless all of the medical and 
allied professions assume their responsibilities for preventive as well as 
curative medicine, Time may not be far distant when the animal husbandman, 
the poultry producer, the dog owner, and in fact the public at large will 
demand more and better professional advice about both sanitation and pro- 
phylaxis especially where concerned with those diseases of animals trans- 
mitted to man, 


_ The practice of preventive medicine originated in the ancient world, 
Man in his spasmodic efforts to stop the pestilences which threatened to 
overwhelm him slowly learned that without knowledge he was without hope. 
Thus the history of preventive medicine is the history of seeking and 
finding of the essential facts, From the works of Pasteur, Koch, Theobald 
Smith and many others, there have followed a succession of discoveries 
which distinguish the age in which we live, The discovery of the disease 
producing bacteria was only the first step in establishing our knowledge, 
What did the bacteria do? What could prevent or control their activity? 
Through much brilliant work the concept was established that though the 
healthy body of man and animal may be subject to infection by a bacteria 
and suffer their toxic effect, the body may, of its own cells and fluids, 
build up defense, destroy and assimilate the invading organisms, Further 
efforts led to the discovery of viruses, antibodies and their place in 
body defense, and of arthropod vectors in the spread of infectious agents, 
Then lastly the discovery of compounds and antibiotics capable of destroy- 
ing the parasite in the body completed the illustrious chapter, Prior to 
the age of "sulfa" drugs and antibiotics, there were very few satisfactory 
medicinal agents as cures for specific infectious disease entities. The 
advent of sulfa drugs and antibiotics ushered in a new era of combatting 
infectious diseases by specific cures, This new approach promises to be 
of much greater importance as it reaches its maturity in the years to 
come, Also the more recent development of hormone therapy, specifically 
ACTH and Cortisone, opens another promising avenue for combatting disease, 
infectious and non-infectious, Yet this is not the whole story, Men have 
learned that bacteria and viruses are unstable and variable in their 
functioning, and depend on many circumstances both within and outside the 
living body and their host, 


The foundation of preventive medicine is a broad knowledge of the 
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nature of disease, The concept of the contagious nature of disease caused 
the advances just mentioned, The reduction in the number of deaths due 

to infectious diseases attests to its value, Many of the aforementioned 
concepts and advances were made possible through research based on the 
common ground of animal and human diseases, Today the old doctrine that 
there is a single specific cause for each disease entity is not entirely 
tenable. A purely bacteriologic explanation pays little heed to the fact 
that health depends upon a complex series of related functions, The 
essentials of an infectious disease are two--an animal and an organism; 
these interact, react and are acted upon by external forces, The more 
quickly it is recognized that causation is a constellation of predisposing, 
provoking and perpetuating forces the more certain will progress be made, 
To reduce the approach to every disease to concern with only one provoking 
factor continues to retard progress, It is not enough to know that infec-~ 
tion is present in the animal body; one must know what the characteristics 
of the invading organism are, whether it is present in great numbers or 
few, where and how it entered the body, where it operates in the body, 

and what are its other hosts, if any. For disease is a varying process, 
it is not a fixed entity, It may affect the whole body or only a special 
organ or tissue, but its actions begin in the cell, Checking and control- 
ling it are inter-related not only with anatomy, physiology, pathology, 
clinical observation, post mortem examination, but the new applications of 
physics, of chemistry, of biology and of the fact that a common disease 
ground exists between species of animals including man, 


Aside from the physical world there are communal factors which influ- 
ence the incidence of disease, Density of animal populations, movement 
of groups, age and sex distribution, and environmental conditions such as 
domesticity and the attitude of the owner, govern the prevalence of di- 
sease in both animal and man, It has been stated that the occurrence, 

the distribution and the types of the diseases of mankind in distinct 
epochs of time, and at various points of the earth's surface will render 
an account of the relations surrounding the individual and determine his 
manner of life. This might well define the province of the science of 
epidemiology or eipzoology. In other words, man's dependency on animals 
has made his prey to certain diseases which he might not otherwise acquire, 


Preventive medicine and especially its further extension and appli- 
cation in veterinary medicine can go a long way toward protecting mankind 
from certain diseases and also toward supplying man with his primary bio~ 
logical needs of food, shelter, health and enjoyment. The first stage 
is to give those conditions of food and surroundings now enjoyed by less 
than one-third of the world's population to the remaining two-thirds to 
enable them to reach.a desirable standard of health, In order to bring 
food supply to an adequate level by 1960, which involves accommodating 
for an estimated 25 per cent increase in world population, production of 
the principal foods would have to be increased as follows: cereals, 21 
per cent; root crops, 27 per cent; sugar, 12 per cent; fats, 34 per cent; 
peas and beans, 80 per cent; fruit and vegetables, 16 per cent; meat, 46 
per cent; and milk, 100 per cent, There can be no question that a minimal 
application of science could increase the rate of agricultural production 
many times, Prevention of the continuous colossal losses due to disease 
of animals producing milk, eggs, meat and other animal food products 
would do much to alleviate potential food shortages, Until now many 
changes have been made but with largely commercial incentive, and though 


oA 


Dome aif to Git of te seeavelbh a 


See an ttzoo> bi mis yvaboT ,eresesi! wine % 


ef? of beed eltiil eyaq ao d of ced A 


mento a6 bas lamina PIR 
‘7 


io Lietanoo ef Motisaus 


Jadi of Anwone fon ei wersota r of 


af Ff tortor , ‘ 
anivicy af cescetbh tot. vn: 2d 
« vino 16 ybod ond ys 
Dae ,ifeo mt ainod 


amitat foitw Lerummoo ota mot j 
Snemovom Lemine jo yt pcos th to 

ea dowe emolithaoo bri 


efd bac Leuhivthat an 
Yo eonstoe aff to sontvorng off Liow 
no Yorebuede>h e*nan ,sbrow ‘ttodto to Lot 
setiupes ton frinim of dotriw hatin 


bus molenotxe ett yfie! 
sol wi won bas boo! 
anintemer of? oF aolialugod off Yo 
anivd of Io olde: oF mod 
to bfitow at : 
SS ,siactes towollo? as od t faqton 


Ye oft caroroni pb: > Weise To ; $n0 


wor [isa boot Isic: tal Lis of ob 

figsiod? bes .oviinoon! Istorcamoo vies 


a 
“SS 


they have resulted in greater yields of such products as eggs and milk, 
the expense has been the increase in incidence of animal disease, 


Just as the artful politician can create public demand, so can 
trained individuals in the various medical professions create a public 
demand for preventive services, In this connection, two aspects in this 
educational program must be stressed with increasing emphasis, Although 
it is customary to measure the effect of a livestock disease on the basis 
of the monetary loss to those who own the animals and the cost to tax 
payers who supply the funds for its prevention or control, the direct and 
indirect sffects on human welfare are rarely measured, Some recent esti- 
mates concerning the staggering losses in milk and meat caused by Bru- 
cella infections reflect in no uncertain terms the manner in which one 
animal disease affects human welfare in general and the cattle and swine 
raising industries directly. As far as it is apparent, either such infor- 
mation has not reached the stock owner and the general public or they 
have failed to appreciate the broad social implications of it. To many, 
disease still seems something occult, supernatural, and beyond their 
understanding or control, Few are doubtless aware of how infection of 
livestock may affect their own families and the population at large. 
Significant epidemiologic and epizoologic data collected over the world 
are rarely interpreted to the man on the farm or to the owner of companion 
animals or to the public, Once animal owners and the public recognize 
that their acts or omissions may affect their own health and that in a 
large measure they have control within their power, preventive veterinary 
and human medicine will assume a more prevalent position, Education of the 
owner of animals and those contacting animals then becomes the instrument 
whereby strides can be made to minimize the effects of diseases on both 
man and animals, You, as trained specialists in responsible positions 
as teachers and research men, can and should aid in the dissemination of 
such knowledge for the benefit of human welfare, 


Another area of common ground between the diseases of man and animals 
appears in the field of research, Many of our common day to day medical 
practices are based on the results of experimentation with animal diseases 
and abnormalities which have direct application to man, In your pro- 
fession you are dependent upon animal products for the alleviation of 
numerous human ailments such as diabetes, glandular insufficiencies, 
treatment for arthritis, and numerous well known biologic agents, Not 
only do animals supply the substances, but they also were the proving 
ground for the efficacy of many of the substances, 


Perhaps one current example of cooperative research on this campus 
would exemplify the common ground between anima) and human diseases, As 
you know there are about seven million human arthritics in the United 
States alone which present an extremely difficult problem to solve, The 
etiology of arthritis is not well understood and any approach to a suitable 
solution to human arthritis without knowing the cause is definitely empir- 
ical and apt to be unsatisfactory. There is also a naturally occurring 
arthritis in swine, also of unknown etiology which apparently resembles 
rheumatoid arthritis in man. Hence with the cooperation of the school of 
pharmacy, the engineering experiment station, the department of animal 
husbandry and the department of veterinary science, research is underway 
to attempt to determine the possible relationship of this condition in 
the two species and to correlate the findings. 
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THE RESEARCH GROUP IN INDUSTRY 


Barbara B, Brown 
The Wm, S, Merrell Company, Cincinnati, Ohio | 


During this week you have listened to and discussed ideas and 
attitudes on the training of students in pharmacology, Most of this has 
been concerned with instruction from the point of view of the educator, 
The participating members of this Seminar are, however, also responsible 
for the training of many future members of industrial research groups. 
Some of your students will be those who will be concerned entirely with 
pharmacology in one or more of its aspects. The Seminar recognizes the 
growing importance of industrial research, and it is actively considering 
the various approaches to training those who will enter this field, There 
is at the present time an unusually large demand for trained pharmacolo- 
gists, and indeed for all degrees of pharmacologic training. In the 
future, not only will industry need increased personnel, but there will 
also be greater numbers of students anxious to enter the industry. The 
inevitable expansion of our science will be successful if, as during this 
week, the aims, objectives, methods, attitudes, and all possibilities of 
training are thoroughly analyzed. 


By this time your discussions may have led to the conclusion that 
research goes along pretty much the same lines no matter where it is 
carried out. The essential requirements are proficiency in use of the 
experimental method and the abilities to discriminate and to cooperate. 

A discussion of the research group in industry will serve to picture the 
future scientist in a specific environment, how he works in it, and how 
the environment may influence him, An inside view of the structure and 
inner workings of organized pharmacologic research should give the teacher 
a broader understanding for his contact with students and some of the 
different types of problems they may encounter, 


Research groups in industry are entities which can be deseribed but 
they cannot really be defined to satisfaction, Group work came into 
existence with the first primitive specializations of man, and similarly, 
research workers banded together because specializations foreed them to do 
so, and it was a means of extending their individual spheres of knowledge. 
The collective groups which are known as organized research contime to 
grow and multiply because no one man can cope with all the complexities 
of even any one small research problem today. But the mere mechanics of 
group work do not mean it will be productive. For group work has been 
productive only when full cooperation has been attained within itself and 
with its outside relations. Cooperation, since it is a human function, is 
a function of the character of the cooperating individuals, Thus both 
research ability and the cooperative attitude are the two primary requi- 
sites for smooth working groups. The exact type of research ability and 
attitude varies from organization to organization, but within a certain 
organization they are so important that their already existing character | 
frequently determines the addition of new personnel. 


In addition to research ability and cooperative attitude, the success 
of research groups depends upon pleasant, non-irritating working con=- 
ditions, Research is an endeavor which relies almost entirely upon 
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intelligence, and conditions for the use of it in constructive and creative 
thinking should not only be merely satisfactory, but should be optimal, 

The proper atmosphere comes about in industry by well-adjusted relation- 
ships with the outside influencing forces of the group, and in industry 
the most important relationship is with management. Since research organ- 
izations are generally considered to be the insurance of industry, manage- 
ment usually treats them with a reasonable amount of delicacy, In fact, 
management often assumes what might be considered a generous attitude 
toward research from the viewpoint of other laboring people, While it is 
of absolute necessity for management to supervise and to correlate, they 
are not dealing either with a type of work which can be rigidly outlined 
or one that can be directed specifically. Traditional utilitarian organ- 
ization hinders human production just as much as no direction at all will 
fail to produce results. It is the balance between complete unsupervised 
freedom and strictly controlled conditions which has been found to produce 
the best results, In practice, a competent research director and his 
assistants are used as sort of a buffer system through which the aims of 
production can be accomplished with relative ease, 


The group method of organization for research advancement was initi- 
ated and found to be successful by the research workers themselves, and 
industry has taken over the method with relatively little modification, 
Industry has not actually dictated how research should be organized, but 
it simply continues to make use of the natural development of group work. 
It is only natural that competition should select the best methods of 
operation, 


Specifically in pharmacology, the present method of research organi- 
zation has existed for only a fairly short period of time, Its evolution 
was not entirely spontaneous, or at least an important stimulus was ap- 
plied with the enactment of the revised Food and Drug Act in 1938. The 
revised Act imposed severe restrictions on the introduction of new drugs 
and required much more extensive investigations than had hitherto been 
carried out generally. More personnel was necessary for the work, and new 
research groups were formed, 


Somewhat along these same lines, industrial bidding for approval for 
their new drugs by the American Medical Association and other groups or | 
institutions concerned with national welfare has been even further impetus 
to research expansion, Here is an instance where industrial competition 
has been almost directly responsible for increasing research facilities and 
personnel, Indirectly this competition has also aided in establishing the 
high standards which are increasingly characteristic of industrial research 
groups. 


It should be stressed, however, that regardless of how group research 
has been originated, successful research depends upon the integrity of the 
research group, and that its rise or fall is the direct result of its 
internal structure and group character, 


In pharmacology, as in any field composed of a number of related 
sciences, the actual organization of research groups follows naturally the 
different inner specialties which have grown up within it, Its divisions 
are the same as those in the logical sequence of investigation of new 
things. Follow, for instance, the course of investigation of a new drug. 
First, @ large number of new substances are screened for particular types 
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of pharmacologic activity. If an interesting substance is uncovered, the 
second step is to evaluate quantitatively each of its various desirable 
and undesirable actions, acutely and chronically, It may or may not be 
necessary to establish mechanism of action, When the pharmacologic char- 
acter of the new substance has been shown that it should be therapeuti- 
cally useful and a medical advantage, the third step is to establish its 
safety. Finally, after the new compound is put on the market it may be 
necessary to determine by means of bioassay that it lives up to claims 
made Sr it. Here are the four fundamental divisions of a pharmacology 

. department, 


Organization of the different groups follows the same lines, Let us 
consider first the groups which handle activity determinations, There 
may be many subdivisions if the particular company is large enough. There 
is the chemical type of pharmacology which may be concerned with the study 
of nutrition, drug metabolism, or basic biochemistry. Biochemical groups 
may also undertake the isolation or fractionation of active plant or ani- 
mal tissue principles, but when this is an important aspect of the partic- 
ular company, biochemistry is a separate division or department composed 
of its own specialty groups. Pharmacologic biochemists themselves are a 
necessary part of a pharmacology department, and their work is usually 
concerned with the methods for analysis of the new drugs and their metae 
bolic products so that studies on the absorption, metabolism, tissue dis-= 
tribution, storage, and elimination of the new substance can be carried out. 
The second type of activity group is that which is concerned with pharma- 
codynamics. Here subdivisions are frequent and are according to the 
specialized problem at hand, such as cardiac, autonomic drugs, centrally 
acting drugs, etc. Then there may be additional groups handling activity 
work of a slightly different nature, the best example of which is endocrine 
research, 


.In all of the groups handling determinations of activity, the pro-. 
cedure is roughly the same, New synthetic substances are subjected to 
the screening program, in which a preliminary estimation of activity is 
obtained. Screening programs may be handled in different ways. Frequently 
screening is done by the various specialty groups as an integral part of 
their work. In other organizations, it may be the entire function of one 
group to carry out all screening tests for the rest of the department. 
Both systems have merit, the advantage of the first being that the special~ 
ty group may make important observations during screening and can carry 
along with them interesting formulas and unusual types of actions, while 
the advantage of screening being done by a special group is that it frees. 
the other groups from routineness and time required by screening, Sub- — 
stances of possible interest selected by the screening procedures are then 
taken over by the groups which will investigate their actions, It is the 
function of these groups to find out how many pharmacologic or biochemical 
actions the new drug may have and to analyze these as far as possible, 
This means that not only will old known methods of evaluation be applied, 
but more frequently new methods will have to be designed. 


Counting screening and activity determinations, including those of a 
chemical nature, as two research groups, the third major type of group 
is that which carries out the safety test or the chronic toxicity studies, 
An evaluation of safety or chronic toxicity is required for each new pro-” 
duct and often for each of its modifications. This work is of the long- 
term nature since chronic toxicity studies are considered adequate only 
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when they are made in at least two species of animals and over such 
periods of time as six months or a year. The work includes certain routine 
procedures, such as regular and constant checks for signs of toxicity in 
large numbers of animals, by following weight, blood, or other indices 

and applying various histologic and other technics, Here technics of 
procedure and evaluation must be fitted to or devised for each type of 
toxicological study of each new compound, 


The fourth major group, the bioassay group, comes into play after the 
new drug is produced. Its chief duty is to check the potency and safety 
of each new batch of material. The greatest volume of bioassay work 
generally deals with determination of pyrogen in injectable materials and 
potency determinations of estrogens, digitalis, and like substances, Bio~ 
assay work is not all routine because it must often devise or routinise 
special tests for new drugs which cannot be otherwise analyzed, 


The number of steps involved in complete pharmacologic evaluations 
certainly indicate the diversified activities and broad nature of pharma=- 
cology. When applied to industry, pharmacology means more than the simple 
definition of drug action, Each phase of pharmacologic determinations can 
become a specialty, From the standpoint of training, it would be impossi- . 
ble to cover all of these phases, Perhaps more important is the fact that 
even what appears to be routine in pharmacology actually keeps changing 

as new techniques or interests are developed, In every group it is 
necessary to do a fair share of basic research, This is naturally more 
‘extensive in some types of work than in others. Knowing the value of 
observations and the means by which additional information can be gotten 

is the most important. But all of the pharmacologists must to some extent 
be specialists in equipment, and it is most helpful to have had some 
experience in different types of gadgeteering. The most useful type of 
training then is one which gives a broad background, Proper knowledge of 
how to apply fundamentals to special instances allows the individual to 

make his own specializations, With the additional training he gets while 
working in industry, the individual will tend to emphasize one aspect or 
another of his previous training, 


: The internal management of research groups is built around just such 
types of persons who can apply the research method to a large number of 
various circumstances, Each research group is directed by an experienced. 
research worker to whom they are completely responsible, The research 
group method of organization is so wel] established that the leader of the 
group is simply called a group leader or section leader, The group leader 
is chosen for his demonstrated ability to conduct and to lead research. 
But because his job also includes many administrative duties, he is also 
chosen partly for his ability to lead people and to cooperate. The work 
of the group leader is of three types: research itself, teaching, and | 
administration, The amount of each of these which he is required to do 
depends upon the type of work and the size of the group, If it is a small 
group, or if he has an administrative assistant, he may be engaged entire- 
ly with the development of new techniques and investigations of new drugs. 
With either small or large groups he must be a teacher, giving instruction, 
on the methods of investigation and evaluation, on the rationale of the 
work, and on the significance of each piece of work, It is largely by 
his teaching that the group as a whole progresses and becomes more pro= 
ductive and useful. And it creates incentive and a feeling of accom- 
plishment. The group leader is in an excellent position to teach for he. 
is in constant close contact with his students, In fact, it is generally 
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the hope of the group leader that responsive assistants or technicians 
will advance if already trained or will want to go back to school for the 
broad background which industry cannot give them, 


The administrative duties of the group leader may encompass all sorts 
of things, depending upon the organization, First of all, he is responsi- 
ble for the working conditions and attitudes of his group. He attempts 
to satisfy, as far as possible, the physical conditions for good work, 
and then he must see that his group gets along well together, Since he 
is usually part of management, he must carry out the policies of manage- 
ment. From the economic standpoint, he mst use judgment in his expendi-~ 
tures in all phases-<salaries, equipment, and time, He must view the 
nature of his work in a way which can help both the organic chemist and 
the pharmaceutical research groups, and he is often called on for his pro- 
fessional opinion as to the manufacture or promotion of new products, 

Thus he must cooperate with and have a working knowledge of the other 
divisions of the company. 


But of course research is the priority job of the group leader, It 
is his job to conquer the new research project, He must sce the pattern 
of the projected research, estimate its expense in time, effort, and 
money, and he must design the actual experiments, His experimental de- 
signs mist be planned so that the results not only answer the scientific 
questions, but also why the results are significant, and in relation to 
what is known for similar endeavors, If the actual work is carried out 
by his staff, he mst train them in each of new techniques, constantly 
supervise, and be alert to all interesting observations, Then, when the 
work is achieving its initial aim, it is the group leader who adds up the 
facts and the observations, puts them in order, checks and re-checks for 
completeness, and analyzes and re-analyzes. And then he interprets for 
himself, the group, and for management, His interpretation includes the 
formal reporting, a survey of all the meanings and implications of the 
problem, and suggestions for its disposal. 


That sounds like a pretty big job for the group leader, It can be 
handled smoothly when one project is undertaken at a time, But the 
vagaries of research frequéntly make it feasible for two or more projects 
to be carried out at the same time. This almost automatically means that 
the size of the group becomes larger and the group leader has more admin- 
istrative duties. If the group is sizeable, a second individual who has 
more training or qualifications than that of the technicians acts either 
formally or informally as the research assistant. He may either be re- 
sponsible for the planning and collecting of details of the experiments, 
or if adequately trained he may carry out an entire project by himself, 

In either case he generally conducts most of the work himself. In our 
laboratories the research assistant is an individual with college plus 
training. He may or may not have a Ph.D, degree. He receives most of his 
specialized training on the job and after a few years may be in a position 
for advancement in his specialty or, if he has not already done 80, to 
finish his formal education, 


More commonly, and perhaps ideally, groups are not large enough to 
warrant a research assistant. Instead, the research man has one or two 
or more technicians which he handles directly, They may assist him in his 
experiments or may be assigned to tests which have become more or less 
routine, For after all, a great deal of research is of a routine nature, 
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A technician may or may not have some degree of training. It is most 
helpful, however, if he has an idea of quantitation, and this may have 
been attained by his having had some experience with mathematics, chem- 
istry, or physics. Biological training is not a necessity, rather 
character is probably most important--some degree of intelligence, 
reliability and honesty in work, willingness, and above all, common sense, 


This outline of research group organization has considered its mem- 
bers primarily as individuals. But a research group is a unit, a part 
of a department, a part of a scientific division, and a part of an entire 
company. It functions best when it functions as a unit, not as particular 
individuals. It doesn't have to live up to the old college try idea, but 
the group should try to attain a well-adjusted personality just as each 
individual does. A good team personality means that each of the members 
are well adjusted in their work and to each other, If the right material 
is in the group, good administration can produce good team spirit by making 
objectives clear-cut, and by well-defined division of the work, Each mem 
ber of the group mst be assured of his own importance in relation to the 
group and as the group is related to the whole organization. He must feel 
secure, and know, if he is interested, what opportunities might lie ahead, 
The quality of group spirit is so important in research that often char- — 
acter is counted as the most important attribute of a research worker, 
This I feel is an extreme attitude, but not an unusual one, and it seems 
to stem from the fact that smooth-functioning groups are more productive 
than groups of isolationists or ivory-tower occupants, 


It is true that in some industrial houses not this much attention 
is paid to group attitude. Such institutions also require cooperation 
and good individual personalities. But all try to provide adequate af 
incentives. In almost all industrial research organizations, publication 
of work is encouraged. To the individual, a publication often serves to 
increase his own personal prestige and is an indication of his research 
ability and standards. As such it is an incentive, for not only does the 
individual wish to contribute to his science, but he wishes recognition 
of accomplishment, 


Participation in scientific societies, both regional and national, — 
is also encouraged. In some research organizations there is a definite | 
system whereby each research individual is sent to national meetings of ~ 
organizations of their special interests, If the individual has accom 
plished a worthy piece of research, he may also be encouraged to p::sent 
a paper at these meetings, It is a system similar to that used in edu- 
cational institutions, although the freedom to discuss new work may differ 
with the company. Such participation in scientific societies is not 
solely for the benefit of the individual or simply to serve as incentive, 
Experience has shown that outside contacts with other scientific men and 
the direct awareness of what is happening in the particular science leads 
to better understanding of research and consequently greater productivity, 


Most research workers feel that the challenge of a new problem is 
incentive enough for good work, but we must be practical too, Continued 
prospects of a good salary is a fine incentive, and in some places wee 
are additionally rewarded for unusual ideas or accomplishments, 


Other types of related activities outside of a research group are 
also important to its functioning. Two of the most common outside con- 
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tacts are the library and the freedom to discuss problems and interests | 
with other groups, All members of the group should use these contacts, 
for it is by means of them that they build their knowledge and increase 
their perspectives, 


Departmental seminars have been found to be highly successful in 
the management of research organizations, In our department each member, 
including all research technicians, are responsible for at least two | 
seminars during the year. They do not have to participate, but usually 
only brand new members of the department may fail to do so. There is com 
plete freedom in choice of subject, but as a rule each member takes pride 
in presenting his own work. It is a valuable opportunity to present 
material in a way in which others will understand it, and it generally 
makes clear the exact value of the work done, Seminar discussions fre- 
quently yield the new idea needed to go ahead with a piece of research, 
new slants, and even the evolution of new procedures. 


A further incentive to greater productivity may be in the origination 
of new research projects, When a research project arises within a group, 
it is usually attacked with unlimited zeal. It would seem reasonable that 
new projects should come from the research worker since he is in close 
contact with the science and he has the opportunity to keep up with new 
advances, But the group should be reminded that it takes a great deal of 
judgment to select new work, and of course just this attitude may be 
incentive enough to produce well-defined, carefully thought-out new ideas. 


My description of the environment of the research group in industry 
may sound to some like a veritable utopia for the research-minded. It is 
true that in many situations it may be ideal. Nor can it be denied that — 
in some places red tape, rules and domination are hard to take, An oute 
line of the restrictions encountered in industrial pharmacologic research 
is one of the last things to be considered, simply because company re= 
strictions are generally considerably less important than any of the other 
factors influencing group research. Relatively few of the functions or 
responsibilities of the group are definitely planned, and I believe you 
will see that in general these could scarcely interfere with the way in | 
which a research man desires to conduct research, 


First, each member of the group is required to be regular in his 
working hours. This is both a way of preventing laxity and of preventing 
discrimination among the different categories of workers. While at work, 
however, the research worker utilizes his time as he sees fit. The only 
requirement is that his work will be useful or productive within a reason~ 
able period of time, but of course this is one of the general alms of — 
research. Much research workers spend much more time in their work than 


is actually required and this is appreciated by the company. Sometimes, 
there is a tendency for management to be somewhat lenient as to time-off; 
although this too must be regarded with considerable common sense, 


Next, those in research groups are required to keep records of all 
their work, and this is only good scientific procedure, Then they mst 
write reports in such a way that management is always informed on what they 
are doing and what it means. Report-writing may seem tedious to the indi- 
vidual, but as a scientist he must know how to explain his work and its 
meaning, this is an excellent way in which to get such experience, 
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The assignment of certain research projects may also tend to limit 
freedom in research, I personally feel that this is more likely the result 
of an individual's attitude, for interesting research is everywhere, An 
assigned problem may be tremendously interesting and have many possibil- 
ities. If it doesn't, there may be one of two faults, The investigator 
may not be rescarch-minded, or, if he is, it is up to him to determine 
that the problem is at fault and why there are no possibilities, The 
disposal of such a problem is then obvious. 


Less precisely tangible of organizational requirements is the duty of 
all members of the group to follow the established channels of adminis- 
tration and to keep their superiors informed on all matters regarding 
group activity and attitude. Any hidden activity or undesirable attitude 
or any overstepping of bounds may be disastrous to the personality of the 
group and consequently to its work. 


Finally, cach group must keep in mind that it must act as a service 
department to all other groups, This is a matter of group cooperation 
and although at times a particular service may seem to be a chore, its 
accomplishment may still have its rewards. It must be remembered that a 
company depends upon its interrelationships, 


Probably the best way to sum up this description of research groups 
in industry is to say that research is most productive when it is carried 
out by cooperating groups. In pharmacology the organization follows its 
own general divisions and subdivisions, Each group has more or less 
specialized interests, Its individuals have varying degrees of pharma- 
cologic training and research ability; all must have the ability to work | 
with others. Each research group is fairly autonomous within itself, 
but it must balance and be balanced with its responsibilities to management, 


and it must cooperate with other groups both inside and outside of its own 
department, 


The research group of industrial pharmacology is ore of the research 
environments in which some graduate students will find themselves, It 


will have great appeal to some and some may do their best in such an 
organization, 


There are various types of opportunities offered to young individuals 
with graduate training in pharmacology by the research group system in 
industry. Depending upon the emphasis in their training, these individ- 
uals may fit best into one or another of the natural divisions described, 
That is, some may have had special training or be especially capable in 
the chemical aspects of pharmacology. For others, their training, experi- 
ence and special aptitudes may suggest that they would best fit into 
groups evaluating the possible toxic effects of prolonged administration 
of drugs, and actually this work is broader than one might imagine, 


Others may find themselves in biological control laboratories, 
Development of new control procedures and the re-working and improvement 
of established procedures requires proficiency in pharmacologic research, 


The variety of activity in pharmacology in industry as operating under 


the group system indicates the many types of work which can fit a variet 
of ifdividuals based on special pon Me during their training period | 


special aptitudes of the individual. Frequently, and probably desirably, 

most of these aptitudes will have been developed before the student enters 
graduate school, and in general his training in graduate pharmacology | 

should aim to make him a well-rounded person, capable of conducting re- | 
search and of thinking in terms of all of the basic medical sciences, in- | 
cluding biochemistry, physiology, pathology, and histology, and he should ) 
be capable of bringing knowledge of these fields to bear on the problem | 
he is confronted with in pharmacology. 
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FUTURE MANPOWER NEEDS IN PHARMACOLOGICAL TESTING, 
CONTROL, AND RESEARCH | 


Glenn L. Jenkins 
Dean, Purdue University School of Pharmacy 
West Lafayette, Indiana 


The future manpower needs in the area of pharmacology are difficult 
to predict; in fact, it is difficult to determine how many individuals are 
now engaged in pharmacological work. We have available the fact that in 
1950 the membership of the American Society of Pharmacology and Experi- 
mental Therapeutics consisted of 456 members. This prima donna group, 
however, represented only a fraction of those engaged in pharmacological 
endeavors of one kind or another, Because there has been a marked short- 
age of well qualified pharmaceutically trained individuals in the past, 
much pharmacological investigation is being carried on by biochemists, 
bacteriologists, mycologists, pharmacists, physiologists, endocrinologists, 
and others, In our considerations it is necessary to remember that phar- 
macology is a man-made science and that in modern times the sciences tend 
to cut across the borderlines and, just as the pharmacologist may practice 
many other sciences, many other scientists may practice in certain areas 
of pharmacology ° 


The best basis for predicting future needs was made by Smith (Prob- 
lems in Postwar Education-~Scientific Training for Democratic Leadership, 
Chem, and Eng. News, 23, 338-344, 1945). He points out that from the 
beginning in 1905 when there were in this country but three industrial 
research laboratories, the number grew to 297 in 1920 with a scientific 
personnel of 7400, and to 2350 laboratories in 1940 with a scientific 
personnel of 70,000, Of this latter number nearly one-half of all pro- 
fessional research personnel in industry were chemists. He pointed out 
that if these figures are extrapolated, they lead to the expectation of 
about 3,500 laboratories in 1950 with a scientific personnel of about 
150,000, This estimate has proven quite correct. If we further project 
the figures to 1955, we may well estimate that by that time there will be 
5,000 laboratories with a scientific personnel of about 200,000. Apply- — 
ing such predictions to pharmacology, we can expect an increase of about 
25 per cent by 1955 in the necessary scientifically trained personnel, 


We know that there are approximately 11,000 firms engaged in some 
area of pharmaceutical manufacturing in the United States, Some 50 or 60 
of these firms maintain what may properly be called pharmacology depart- 
ments staffed by a single individual or with five or ten competently 
trained scientists with several technicians and assistants. In my opin- 
ion, two or three hundred of these firms engaged in manufacturing could 
well utilize qualified personnel in the area of pharmacology if such per~ 
sonnel were available. In our pharmacy schools probably no more than 
twenty per cent are adequately staffed for pharmacological instruction. 
In those schools that do have well established pharmacology departments 
it is expected that expansion will occur. For example, it is our expec- 
tation that our physical facilities and staff for instruction in pharma- 
cology at this institution will be doubled in the next five years, 
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The Army, the Navy, the Veterans Administration, and the public 
health service seek qualified personnel, Hospitals in increasing numbers 
seek men to serve in research programs, State boards of health, the 
United States Food and Drug Administration, governmental research lab= 
oratories and privately endowed research institutes demand increased 
numbers of well qualified personnel, 


In conclusion, I believe that we can safely agree that there will 
be a continuing and expanding need for well trained and competent 
individuals for pharmacological teaching, control and research. If we 
take care to make certain that individuals trained are exceptionally 
well qualified and highly competent, the continued growth and opportunity 
will be assured, The prime task in this area before our schools of 
pharmacy is to place emphasis on quality rather than quantity, 
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THE STANDARDS OF THE AMERICAN COUNCIL ON 
PHARMACEUTICAL EDUCATION 


Richard A, Deno 
Director of Educational Relations, American Council 
on Pharmaceutical Education 
Rutgers University College of Pharmacy 


The standards of the Council currently in effect are found in the 
booklet "Accreditation Policy and Procedure." The current edition of the 
booklet is the fourth. It has been in effect since November 1, 1948. 

A first draft of the fifth edition has been prepared and is now being 
submitted to scrutiny by the members of the Council. It will later be 
sent to the deans and to the board secretaries for criticism, An open 
hearing will be held later, and eventually a revision will be approved 
by the Council, It is not probable that the effective date of the fifth 
edition will be prior to July 1, 1952. 


On page 11 of the current standards is found the much-debated 4 
requirement concerning five departments, effective July 1, 1952. One of f 
the five is a department of pharmacology. An important second paragraph 
of this section provides that, "deviation from this requirement, necessi- 
tated by University organization, will be permitted only when it is 
clearly shown that the content and application of the instructiqn 
involved is of a character fully to meet the needs of professional phar~ 
maceutical education." 


This deviation clause obviously takes care of those instances where 
pharmacology for students in pharmacy is given in a medical school. It 
also covers the single case where pharmacology is taught in the thology 
department of the university. It allows also for a combination of phar- 
’ macognosy and pharmacology in one department. In such a case, the Council | 
must be shown that undergraduate instruction in neither discipline suf- i 
fers as a result of the combination, { 


On page 12 of the current standards are found the specifications 
for qualifications of staff members. The pharmacologist must have at 
least two years of graduate study in pharmacology, “or a corresponding 
amount of technical or professional training or experience," 


Requirements of the Council on curricular matters are intentionally 
indefinite, A statement on page 14 of the current standards says that 
the latest edition (1945) of the Pharmaceutical Syllabus may be followed. 
Little or no attention has been paid to the Pharmaceutical Syllabus in 
the latest tour of examinations of colleges, Reference to the Syllabus 


will undoubtedly be omitted from the fifth edition of the standards. 

I do not believe that any rigid curricular requirement will be substituted. 
Instead, an indication of core requirements with further indication of 

the necessity for balance may be included. 


Standards relating to laboratories and equipment are found on 
pages 20 and 21, They, likewise, are not specific, It is not difficult 
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for experienced examiners to determine within reason whether or not a 
college has, "sufficient equipment and apparatus available to permit each 
student to participate in all of the experimental work," 


Finally, the general statement at the top of page five is applicable 
to pharmacology, as it is to all courses of a college. 


"In the application of these standards to a college under consider- 
ation for accreditation, the Council may not insist on strict conformity 
in every detail but may assume the attitude that minor deviations should 
not militate against a favorable decision. The Council recognizes that 
there will be variations in the degree of excellence attained and will 
hold to the principle that excellence in certain characteristics of a 
college may compensate in part, at least, for deficiencies in other 
characteristics," 


In conclusion, may I say that, important as the published standards 
are, of equal or greater importance is the manner in which they are 
administered. The term "standards," as used by the Council, implies 
neither uniformity nor inflexibility, The Council may have erred in 
judgment from time to time, It would be strange indeed if no mistake 
had ever been made, However, by and large, the record over the years is. 
one of constructive and wise application of the published standards, If 
improvement in the undergraduate teaching of pharmacology, college by 
college, is as great during the next six years as it has been since the 
end of the war, the colleges as a whole will come close to meeting the 
letter of the Council standards, 
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THE COMBINED PHARMACOLOGY-PHARMACOGNOSY DEPARTMENT 


Nellie P, Watts 
New England College of Pharmacy 
Boston, Massachusetts 


In some schools of pharmacy, pharmacognosy and pharmacology, with 
their subtending courses, are taught in the same department. In certain 
instances, this department is known as the Department of Biology; in 
other cases, as the Department of Materia Medica; in our school, (The 
New England College of Pharmacy), it is called the Department of Pharma- 
cology and Materia Medica. 


The teaching of these two subjects in the same department offers 
advantages and disadvantages. In order that one may consider these, it is 
first necessary that the subjects be defined, Viewed historically, the 
subject matter of each is not in mich dispute. The term "pharmacognosy" 
(knowledge of drugs) was introduced by Seydler in 1815, This was prior to 
the time of the isolation of the alkaloids, and by custom, the subject 
pharmacognosy is the science of crude drugs — animal, mineral, or vege- 
table, It is a subject of natural history ~ used in the sense of accum- 
lated knowledge = and includes: 

1. identification -—- macroscopic, microscopic, chemical, and 

physical; 

2. components -— average yields of the constituents more 

active in therapy; and diverse items of 

3. factual knowledge -—— source, part used, synonyms, methods of 

increasing yields, methods of extraction, 
commerce, and lore. 


Pharmacology (science of drugs) is an equally old term; and during 
the latter part of the last century, it developed into an experimental 
science, using the methods of physiology to study the actions of drugs on 
living systems, Essentially, pharmacology is the science of the action 
of chemicals on living systems, and includes the nature and properties of 
these chemicals (drugs). 


Used in the broadest sense; materia medica, pharmacognosy, and phar- 
macology mean the same thing == all knowledge about drugs. In a more 
restricted sense; pharmacognosy is concerned with the production of crude 
drugs; pharmacology is concerned with the actions of pure chemicals on 
living systems; and the term "materia medica" is becoming obsolete, 


Since both pharmacognosy and pharmacology are subjects of applied 
biology with respect to drugs, there are advantages in their being taught 
in the same department. All members of the teaching personnel of the 
department can be expected to have some training and experience in biology. 
Much of the equipment for the two courses — for instance, special glass- 
ware and microscopes — may be used in common, Therefore, an economy can 
be expected to result from the teaching of the two courses in the same 
department. 


Many drugs used in therapy are in a relatively crude state, Pharma- 
cology concerns itself with pure chemicals; pharmacognosy, with crude, It 
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is an advantage to a pharmacologist to have an understanding of the com 
ponents of crude drugs, Also, a knowledge of pharmacognosy gives to a 
pharmacologist information on sources of the same or similar chemical 
substances -- for instance, the macromolecular carbohydrates, 


Within a department, the subject matter of the courses can be more 
strictly defined and responsibility for the teaching of the subject matter 
may be more easily allocated than when courses are given in different 
departments, In illustration, I refer specifically to “uses” of drugs. 
"Uses" are taken up in many courses in addition to the two being dis- 
cussed here. A pharmacy student usually just memorizes "uses," then he 
confuses them, for he is seldom able to relate this information to previous 
knowledge. It is also true that many people prefer to teach and discuss 
the unusual -- the novel <= rather than the usual. "Uses" are more easily 
and more effectively taught in pharmacology than in any other course in 
the pharmacy curriculum, for here they can be taught on the basis of the 
effect of the drug on the physiology of the body. This is a logical and 
reasonable approach. Thus, "uses" are more easily remembered by the stu- 
dent, and overlapping of subject matter may be obviated by omitting them 
from the pharmacognosy course. 


Although pharmacognosy and pharmacology are subjects of applied 
biology, their being terminal, major and divergent subjects of applied 
biology make their inclusion in the same department disadvantageous, 
Pharmacognosy is concerned mainly with problems in the production of 
drugs. Pharmacology is concerned with the effects of chemicals on the 
functions of cells and this science is employed in an effort to find 
better drugs to use against disease, Therefore, the training, interests, 
and abilities of capable teachers in each field will be different, 


A teacher may take time away from his major subject to become better” 
in the second, Such an action results in his being a poor teacher in 
each, He may concentrate on his major subject and give little attention 
to the second, This is obviously unfair to his students, 


In summary, the advantages of a combined pharmacognosy-pharmacology 
department are largely those of economy, The disadvantage of such a 
combination is chiefly a reduction in the quality of production of the 
faculty (teaching and research) in an effort to cover two major and 
divergent subjects, To do so well requires a faculty of two pr elgg 
gives the department two pinnacles, and results in an unwieldy adminis- 
trative unit in the school, 
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SUMMARY OF FINDINGS OF THE SEMINAR 


L. D,. Edwards, Professor of Pharmacology 
School of Pharmacy, Purdue University 
Lafayette, Indiana 


The findings of the Seminar may be enumerated as follows: 


(1) A definite need for a thorough understanding of pharmacology in 
professional pharmacy practice has been established, 


(2) The main objective of the undergraduate course in pharmacology 


is to supplement the training of the pharmacist to the end that he will 
be a more valued member of the health team. 


(3) The minimum biological prerequisites for the undergraduate course 
should be standard university courses in general biology, comparative 
anatomy, histology and physiology. These courses must be presented by 
the curriculum in a logical sequence, 


(4) In didactic and the laboratory contents of the undergraduste 
course, some variance from school to school may be expected, but the 
instruction must be of sound quality and quantity, Combined departments 
of pharmacology and pharmacognosy are undesirable and are becoming 
obsolete; however, for administrative reasons the combined departments 
that now exist may be expected to continue for some time, Such combined 
departments should include professional teachers in both the areas, namely 
pharmacology and pharmacognosy. 


(5) The pharmacology instruction of pharmacy students in a medical 
school department is dependent upon both the pharmacy school and the 
medical school, Such instruction can be completely satisfactory. 


(6) There is still a need in pharmacy for well qualified pharmacology 
instructors and in industry and governmental agencies for pharmacologists 
in control and research, 


(7) The presentation of pharmacognosy as a biochemical discipline 
would greatly enhance its value as a foundation course for pharmacology. 


(8) Many other areas of instruction have much to offer the pharma- 
cologist, i.e., biochemistry, endocrinology, statistics, microbiology, 
nucleonics, animal sciences, toxicology, etc, All such areas of in- 
struction should be used to the fullest possible extent. 


(9) Graduate instruction in pharmacology must be maintained on a 
high plane, and should be attempted only where proper supplementary courses 
and library facilities are available. Graduate courses in the pharma- 
cology area may include the following: (1) advanced pharmacology, 
fz drug screening, (3) bioassays, (4) experimental animal surgery snd 
5) toxicology. 
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(10) Student selection both at the undergraduate and the graduate 
levels requires attention, bik 


(11) State Boards of Pharmacy should be urged to examine candidates 
in the pharmacology area. 


(12) A full appreciation of the value of teamwork among the 
industrial, medical and pharmaceutical pharmacologists would be most 
beneficial to all. The cooperation at this seminar is a case in point. 


(13) The conduct of research in pharmacology on a team basis both 
in the schools and in industry appears to be most productive, The schools 
and industry should foster the inclusion of representatives of both areas 
on some of these rescarch teams. Every effort such as grants, seminars, 


exchange of reprints, etc., are urged to develop cooperation between 
schools and industry. 


(14) The American Foundation for Pharmaceutical Education, The 
American Council on Pharmaceutical Education, The American Association of 
Colleges of Pharmacy, and The Pharmaceutical Survey must receive much of | 
the credit for the recent advance in the instruction of pharmacology in 
the pharmacy schools. 


(15) Teachers of pharmacology in pharmacy schools should qualify 
for and join the American Society for Pharmacology and Experimental 
Therapeutics, 


(16) Schools of pharmacy should establish pharmacology departments 
with adequate facilities and equipment and a competent staff to upgrade 
the quality of instruction, 


